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Report  of  the  State  Geologist. 


Iowa  Geological  Sukvey, 
Des  Moines,  December  31,  1901. 

To  Governor  Leslie  M.  Shaw  and  Members  of  the  Geological 
Board : 

Gentlemen  : — The  work  of  the  Iowa  Geological  Survey,  dur- 
ing the  year  1901,  has  not  differed  essentially  from  the  work  car- 
ried on  during  the  years  preceding,  since  the  present  Survey 
was  organized.  Investigations  resi)ecting  the  characteristics  and 
surface  distribution  of  the  geological  formations  of  Iowa  are  not 
yet  complete.  The  work  already  done  has  been  purposely  scat- 
tered so  as  to  gain  information  concerning  each  of  the  important 
and  typical  portions  of  the  state;  and  it  may  now  be  claimed 
that  we  know  in  a  general  and  broad  way  the  geological  struc- 
ture at  any  given  point  from  the  surface  down  to  the  underlying 
crystalline  rocks ;  while  over  more  than  half  the  state  our  knowl- 
edge is  positive  and  accurate.  Before,  however,  the  study  of 
special  subjects  for  the  state  as  a  whole  can  be  taken  up  with 
desired  thoroughness  and  success,  the  geological  details  for 
practically  every  county  should  be  carefully  worked  out.  More 
than  half  the  work  of  detailed  maj^ping  has  been  finished.  Prior 
to  the  year  1901  forty-six  counties  had  been  studied  with  the 
requisite  thoroughness,  and  reports,  accompanied  with  geologi- 
cal maps,  have  been  published  in  relation  to  forty  -four.  During 
the  year  1901  the  geological  work  was  completed  in  seven  coun- 
ties—namely, Buena  Vista,  Cherokee,  Howard,  Jefferson,  Mon- 
roe,  Tama  and  Wapello;  and  work  has  been  begun  in  Adair, 
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Bremer,  Clayton,  Fayette,  Ida,  Sac,  Taylor  and  Winneshiek. 
Fifty-lhree  counties  are  now  completed,  and  in  eight  others  the 
work  is  more  or  less  advanced. 

The  regular  corps  employed  in  field  work  in  1901  was  made 
up  of  Beyer,  Calvin,  Leonard,  Macbride,  Norton,  Savage,  Udden, 
Wilder  and  Young ;  and  in  addition  there  were  three  volunteer 
assistants,  Gow,  ^Mosnat  and  Schoonover.  The  members  of  the 
regular  corjjs  are  men  whose  familiarity  with  the  problems  of 
Iowa  geology  enables  them  to  carry  on  their  investigations  with 
a  thoroughness  which  overlooks  no  significant  detail,  however 
minute,  while  at  the  same  time  the  work  is  done  with  a  minimum 
expenditure  of  time  and  money. 

As  stated  in  the  last  Administrative  Report,  some  work  on  spe- 
cial subjects  has  already  been  undertaken.  Professor  Beyer  is 
still  at  work  on  his  monograph  on  Iowa  clays.  Professor  Wild- 
er's  report  on  Webster  county,  which  is  offered  for  publication 
as  part  of  volume  XII,  is  in  effect  a  monograph  in  which  the 
extent  and  possibilities  of  the  gypsum  deposits  of  the  state  are 
discussed  with  exhaustive  and  scientific  fullness.  The  monograph 
of  Leonard  in  volume  VI  and  the  report  on  Dubuque  county  in 
volume  X  give  the  results  of  careful  and  laborious  investiga- 
tions relating  to  the  genesis  and  distribution  of  the  lead  and  zinc 
ores  of  Iowa.  It  is  the  purpose  soon  to  begin  a  special  study  of 
the  building  stones,  lime  burning  rocks  and  other  quany  prod- 
ucts of  the  State;  and  there  is  planned,  for  the  near  future,  a 
monograph  on  coal,  defining  the  areas  in  which  prospecting  may 
be  prosecuted  with  reasonable  hope  of  success,  accurately  mark- 
ing the  limits  beyond  which  no  coal  is  possible,  pointing  out  for 
the  various  localities  the  depth  beneath  which  it  is  useless  to  carry 
the  prospect  holes,  describing  the  manner  in  which  the  workable 
veins  are  distributed  in  the  coal  bearing  area,  giving  determina- 
tions with  respect  to  fuel  values,  and  setting  forth  all  other  facts 
which  could  be  of  possible  service  to  the  miners  and  users  of 
Iowa  coals. 

It  is  a  pleasure  in  this  connection  to  note  the  verification  of  the 
statements  made  on  pages  453  and  458  of  volume  XI,  to  the  effect 
that  coal  mining  in  Page  county  is  capable  of  much  greater  de- 
velopment than  it  has  yet  attained,  and  that  the  Nodaway  coal 
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seani  is  certain  to  be  worked  in  many  neighborhoods  where  it  is 
not  yet  prospected.  A  number  of  new  mines  have  been  reported 
as  opened  in  the  county  during  the  past  year,  and  one  at  least  of 
these  is  located  on  state  property,  on  grounds  belonging  to  the  Cla- 
rinda  Hospital  for  the  Insane.  The  Nodaway  seam  is  unusually 
persistent  and  uniform.  The  prospector  can  know  beforehand  with 
almost  absolute  certainty,  the  thickness  and  the  quality  of  the 
coal  he  is  to  find.  The  dip  is  not  uniform,  and  so  the  exact  depth 
beneath  the  surface  at  which  the  coal  will  be  found  at  any  given 
point  can  not  be  told  to  a  foot,  or  even  to  ten  feet ;  but  the  coal  is 
present  over  a  very  large  area,  and  it  is  so  located  with  reference 
to  the  surface  that  it  will  be  practicable  to  mine  it  over  at  least 
half  the  count5^  This  same  coal  is  present  over  extensive  areas 
in  Adams,  Montgomery  and  Taylor  counties  and  will  afford  fuel 
to  meet  all  local  needs  for  many  years  to  come. 

In  addition  to  the  work  done  in  the  field,  the  large  amount  of 
purely  clerical  and  administrative  work  belonging  to  the  oflSce  has 
been  kept  up  to  date.  The  Des  Moines  office  has  been  managed 
by  the  Assistant  State  Geologist,  Mr.  A.  6.  Leonard,  with  the 
assistance  of  the  Secretarj^  Miss  Nellie  E.  Newmaii.  Two  vol- 
umes have  been  isued  by  the  Survey  during  the  year— volume 
XI  of  the  regular  series  of  reports  and  volume  I  of  the  series  of 
Bulletins.  The  personal  attention  necessary  to  getting  out  these 
volmnes  in  acceptable  form  has  occupied  a  large  share  of  the  time 
of  the  Assistant  State  Geologist ;  but  in  addition  to  su]:»ervising 
eveiy  detail  in  connection  with  the  preparation  and  distribution 
of  the  volumes,  Mr.  Leonard  has  been  able  to  do  practically  a  full 
season's  field  work  in  Wapello  count>\  For  a  full  account  of  his 
work  in  the  oflSce  and  in  the  field,  you  are  referred  to  his  Admin- 
istrative Report,  which  is  herewith  submitted. 

Bulletin  No.  1,  which  is  a  report  on  the  Grasses  of  Iowa,  by 
Professors  Pammel  and  Weems  of  the  State  College  of  Agricul- 
ture, has  been  most  cordially  received  by  those  qualified  to  judge 
of  its  merits,  as  a  welcome  and  important  contribution  to  prac- 
tical science.  The  favor  accorded  to  volume  XI  has  been  equally 
gratifying.  The  edition  of  each  volume  of  the  geological  series 
is  practically  exhausted  as  soon  as  it  is  issued.    Were  all  requests 
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for  copies  of  the  reports  granted,  the  edition  would  have  to  be 
more  than  twice  as  large  as  it  is. 

Accompanying  this  report  I  have  the  honor  of  submitting  for 
publication,  as  volume  XII  of  the  Iowa  Geological  Reports,  the 
Mineral  Statistics  for  the  year,  by  S.  W.  Beyer;  the  report  on 
Webster  county,  with  a  general  discussion  of  the  manufacture 
and  uses  of  g>'psum,  by  Frank  A.  Wilder;  the  report  on  Henry 
county,  by  T.  E.  Savage ;  the  report  on  Cherokee  and  Buena  Vista 
counties,  by  T.  H.  Macbride;  the  report  on  Jefferson  county,  by 
J.  A.  Udden;  the  report  on  Wapello  county,  by  A.  G.  Leonard; 
and  the  report  on  Monroe  county,  by  S.  W.  Beyer  and  L.  E. 
Young.  The  four  counties,  Henr>%  Jefferson,  Wapello  and  Mon- 
roe, are  among  the  most  important  in  the  state.  They  are  all  em- 
braced in  the  Carboniferous  area.  In  the  eastern  part  of  the  belt 
which  these  counties  occupy,  we  have  a  record  of  Carboniferous 
conditions  immediately  preceding  the  deposition  of  coal;  in  the 
western  part  of  the  area  the  record  is  that  of  conditions  Ihe  most 
favorable  known  in  Iowa  for  coal  accumulation.  Cherokee  and 
Buena  Vista  are  prairie  counties  in  which  the  indurated  rocks 
and  all  for  which  they  may  stand  are  buried  under  thick  sheets 
of  drift.  The  drift,  however,  is  the  youngest  and  freshest  in  the 
state  and  is  unusually  rich  in  all  the  constituents  which  go  to 
make  up  an  ideal  soil.  Through  these  counties  pass  the  margin 
of  the  Wisconsin  drift,  and  the  special  effects  of  the  forces  oper- 
ative along  the  margin  of  the  great  ice  fields  of  this  particular 
age,  so  far  as  they  have  been  instrumental  in  modifying  the 
topography  of  the  surface  and  the  quality  of  the  soils,  have  been 
carefully  studied.  Webster  county,  in  addition  to  its  coal  and 
other  products,  embraces  our  gypsum  field.  The  gj^psum  deposit 
is  one  of  very  great  economic  importance ;  and  the  subject,  in  all 
its  aspects,  has  been  studied  with  the  care  and  thoroughness 
which  its  importance  deser\^es.  It  is  believed  that  the  volume  as 
a  whole  is  fully  up  to  the  standard  of  its  predecessors,  and  that 
it  will  meet  the  just  expectations  of  the  people  of  Iowa  in  provid- 
ing, i  n  accessible  form,  definite  information  respecting  the  geolog- 
ical structure  and  geological  resources  of  some  of  the  most  im- 
portant counties  in  the  state.    The  extent  of  the   work  accom- 
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plished  by  the  Survey  since  its  organization  may  be  inferred  from 
the  following  list  of  publications: 

VOLUME  L     FIRST  ANNUAL  REPORT,  1892. 

480  Pages.  10  Plates,  26  Figures. 
Price,  in  paper,  70  cents;   postage,  26  cents. 
Contents: 

Administrative  Reports. 

Geological  Formations  of  Iowa;   by  Charles  Rollin  Keyes. 

Cretaceous  Deposits  of  Woodbury  and  Plymouth  Counties,  with 

Observations  on  Their  Economic  Uses;    by  Samuel  Calvin. 
Ancient  Lava  Flows  in  Northwestern     Iowa;     by     Samuel     W. 

Beyer. 
Distribution      and   Relations    of   the    Saint   Louis   Limestone    in 

Mahaska  County,  Iowa;   by  Harry  Foster  Bain. 
Annotated  Catalogue  of  Minerals;    by  Charles  Rollin  Keyes. 
Some  Niagara  Lime  Burning  Dolomites  and  Dolomitic  Building 

Stones  of  Iowa;    by   Gilbert  L.   Ilouser. 
Bibliography  of  Iowa  Geology;   by  Charles  Rollin  Keycs. 


VOLUME  II.     COAL  DEPOSITS. 

536  Pages,  18  Plates,  251  Figures. 
Price,  in  paper,  70  cents;   pos'tage,  31  cents. 
Contents: 

Chapter  I.  Introduction. 

Chapter  II.  Origin   of  Coal. 

Chapter  III.        Carboniferous   Basin   of   the  Mississippi  Valley. 

Chapter  IV.         General  Geology  of  the  Coal  Regpion. 

Chapter  V.  Lithology  of  the  Coal  Measures. 

Chapter  VI.         Stratigraphy  of  the  Coal  Measures-. 

Chapter  VII.       The  Coal  Bed«. 

Chapter  VIII.     Description  of  the  Coal   Beds  Now  Operated   in 

North  Central  Iowa. 
Chapter  IX.         Description  of  the  Coal  Beds  in  Central  Iowa. 
Chapter  X.  Description   of   the   Coal   Beds    of   Southeastern 

Iowa. 
Chapter  XI.         Description    of    the   Coal   Bed«   of   Southwestern 

Iowa. 
Chapter  XII.       Description  of  the  Coal  Beds  of  the  Outliers  in 

Eastern  Iowa. 
Chapter  XIII.      Composition   of   Iowa   Coals. 
Chapter  XIV.       Was^e  in  Coal  Mining. 
Chapter  XV.        The   Coal  Industry. 
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VOLUME  III.     ANNUAL  REPORT,   1893. 

501  Pages,  37  Plates.  34  Figures. 
Price,   in  cloth,   $1.10;    postage,  35   cents. 
In  paper,  $1;   postage,  30  cents. 
Contents : 

Administrative  Reports. 

Work   and  Scope   of   the   Geological   Survey;    by   Charles   Rollin 

Keyes. 
Cretaceous  Deposits  of  the  Sioux  Valley;  by  Harry  Foster  Bain. 
Certain  Devonian  and  Carboniferous  Outliers  in  Eastern  Iowa; 

by  William  Harmon  Norton. 
Geological  Section  Along  Middle  River  in  Central  Iowa;  by  J.  L. 

Tilton. 
Glacial  Scorings  in  Iowa;   by  Charles  Rollin  Keyes. 
Thickness    of    the    Paleozoic    Strata    of   Northeastern    Iowa;    by 

William  Harmon  Norton. 
Composition  and  Origin  of  Iowa  Chalk;   by  Samuel  Calvin. 
Buried  River  Channels  in  Southeastern  Iowa;   by  C.  H.  Gordon. 
Gypsum  Deposits  of  Iowa;   by  Charles  Rollin  Keyes. 
Geology  of  Lee  County;   by  Charles  Rollin  Keyes. 
Geology  of  Des  Moines  County;  by  Charles  Rollin  Keyes. 


VOLUME  IV.     ANNUAL  REPORT,   1894. 

467  Pages,  11  Plates^  6  Maps,  54  Figures. 
Price,  in  cloth,  $1.25;  postage,  34  cents. 
In  paper,  $1;   postage,  28  cents. 
Contents: 

Administrative  Reports. 

Geology  of  Allamakee  County;  by  Samuel  Calvin. 
Geology  of  Linn  County;  by  W.  H.  Norton. 
Geology  of  Van  Buren  County;  by  C.  H.  Gordon. 
Geology  of  Keokuk  County;   by  H.  F.  Bain. 
Geology  of  Mahaska  County;   by  H.  F.  Bain. 
Geology  of  Montgomery  County;   by  E.  H.  Lonsdale. 


VOLUME  V.    ANNUAL  REPORT,  1895. 

452  Pages',  14  Plates,  7  Maps,  72  Figures. 

Price,  in  cloth,  $1;   postage,  34  cents. 

In  paper,  85  cents;   postage,  28  cent«. 
Contents: 

Administrative  Reports. 

Geology  of  Jones  County;  by  Samuel  Calvin. 
Geology  of  Boone  County;   by  Samuel  W.  Beyer. 
Geology  of  Warren  County;   by  J.  L.  Tilton. 
Geology  of  Washington  County;   by  H.  F.  Bain. 
Geology  of  Woodbury  County;  by  H.  F.  Bain. 
Geology  of  Appanoose  County;   by  H.  F.  Bain. 
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VOLUME  VL     LEAD  AND  ZIXC.  ARTESIAN  WELLS.  ETC. 

487  Pages',  28  Plates,  57  Figures. 
Price,  in  cloth,  85  cents;  postage,  34  cents. 
In  paper,  70  cents;  postage,  28  cents. 
Contents: 

Lead  and  Zinc  Deposits  of  Iowa;  by  A.  G.  Leonard. 

The   Sioux  Quartzite   and   Certain   Associated   Rocks-;    by   S.   \V. 

Beyer. 
Artesian  Wells  of  Iowa;   by  W.  II.  Norton. 

Relations  of  the  Wisconsin  and  Kansan  Drift  Sheets  in  Central 
Iowa,  and  Related  Phenomena;   by  H.  F.  Bain. 


VOLUME  VII.     ANNUAL  REPORT,  1896. 

550  Pages,  11  Plates*,  11  Maps,  81  Figures. 
Price,  in  cloth,  $1.30;  postage,  34  cents. 
In  paper,  $1.15;   postage,  32  cents. 
Contents: 

Administrative  Reports. 

Geology'  of  Johnson  County;   by  Samuel  Calvin. 

Geology  of  Cerro  Gordo  County;  by  Samuel  Calvin. 

Geology  of  Marshall  County;  by  S.  W.  Beyer. 

Geology  of  Polk  County;   by  H.  F.  Bain. 

Geology  of  Guthrie  County;   by  H.  F.  Bain. 

Geology  of  Madison  County;  by  J.  L.  Tilton  and  H.  F.  Bain. 


VOLUME  VIII.    ANNUAL   REPORT,    1897. 

427  Pages,  32  Plates,  6  Maps,  13  Figures. 
Price,  in  cloth,  $1.30;   postage,  30  cents. 
In  paper,  $1.15;  postage,  26  cents. 
Contents: 

Administrative  Reports. 

Geology  of  Dallas  County;  by  A.  G.  Leonard. 

Geology  of  Delaware  County;   by  Samuel  Calvin. 

Geology  of  Buchanan  County;   by  Samuel  Calvin. 

Geology  of  Decatur  County;   by  H.  F.  Bain. 

Geology  of  Plymouth   County;   by  H.  F.   Bain. 

Properties  and  Tests  of  Iowa  Building  Stones;  by  H.  F.  Bain. 


VOLUME  IX.     ANNUAL  REPORT.   1898. 

572  Pages,  13  Plates,  7  Maps,  56  Figures. 
Price,  in  cloth,  $1.45;  postage,  36  cents. 
In  paper,  $1.30;  postage,  30  cents-. 
Contents: 

Administrative  Reports. 

Geology  of  Carroll  County;  by  H.  F.  Bain. 
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Geology  of  Humboldt  County;  by  T.  H.  Macbride. 

Geology  of  Story  County;   by  S.  W.  Beyer. 

Geology  of  Muscatine  County;  by  J.  A.  Udden. 

Geology  of  Scott  Countj';   by  W.  H.  Norton. 

Artesian  Wells  of  the  Belle  Plaine  Area;  bv  11.  R.  Mosnat. 


VOLUME  X.    ANNUAL    REPORT,    1899. 

666  Pages,  11  Plates,  11  Maps,  102  Figures. 
Price,  in  cloth,   $1.85;    postage,   40  cents'. 
In  paper,  $1.70;  postage,  36  cents. 
Contents: 

Administrative  Reports. 

Statistics'  of  Mineral  Productions;   by  S.  W.  Beyer. 

Fossil  Fauna  of  the  Kinderhook  Beds  of  Burlington;   by  Stuart 

Weller. 
Geology  of  Lyon  and  Sioux  Counties;  by  F.  A.  Wilder. 
Geology  of  Osceola  and  Dickinson  Counties;   by  T.  H.  Macbride. 
Geology  of  Hardin  County;   by  S.  W.  Beyer. 
(Jeology  of  Worth  County;   by  Ira  A.  Williams. 
Geology  of  Dubuque  County;   by  Samuel  Calvin  and  H.  F.  Bain. 


VOLUME    XI.      ANNUAL   REPORT,    1900. 

519  Pages,  12  Platen-,  9  Maps,  43  Figures. 

Price,   in  cloth,   $1.45;    postage.   32   cents. 
Contents: 

Administrative  Reports. 

Mineral  Production  of  Iowa  in  1900;  by  S.  W.  Beyer. 

Geology  of  Louisa  County;  by  J.  A.  Udden. 

Geology  of  Marion  County;   by  B.  L.  Miller. 

Geology  of  Pottawattamie  County;   by  J.  A.  Udden. 

Geology  of  Cedar  County;   by  W.  H.  Norton. 

Geology  of  Page  County;    by  Samuel  Calvin. 

Geology  of  Clay  and  O'Brien  Counties;  by  T.  H.  Macbride. 

The  work  of  our  geologists,  in  co-operation  with  members  of 
the  U.  S.  Geological  Survey,  has  made  Iowa  classic  ground  for 
the  study  of  problems  relating  to  the  drift.  The  succession  of 
events  which  took  place  during  that  most  interesting  and  most 
unique  of  all  the  divisions  of  geological  time,  the  Glacial  Epoch, 
is  more  clearly  recorded  in  Iowa  than  anywhere  else  on  this  con- 
tinent. It  was  formerly  supposed  that  there  was  a  single  inva- 
sion of  glacial  ice  which  transported  and  spread  out  the  great 
body  of  drift  that  covers  so  large  an  area  in  North  America ;  but 
instead  of  the  single  glacial  episode  recognized  by  the  earlier 
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observers,  there  are  clear  and  detailed  records  of  at  last  five  suc- 
cessive ice  invasions  separated  one  from  the  other  by  long  inter- 
glacial  intervals.  Brief  notes  on  the  glacial  and  interglacial 
stages,  as  they  have  been  deciphered  in  Iowa  and  adjoining  states, 
were  published  on  pages  18  and  19  of  volume  VII.  The  facts 
remain  as  there  stated,  but  additional  facts  which  have  come  to 
light  through  more  careful  and  detailed  studies,  particularly 
through  the  work  of  Leverett  of  the  United  States  Geological 
Survey,  make  some  changes  in  the  names  used  in  volume  VII 
desirable.  The  terms  employed  in  the  more  recent  literature  of 
this  subject,  for  the  recognized  glacial  and  interglacial  stages  of 
the  Great  Ice  Age  are : 

First  glacial  stage,  Pre-Kansan  or  Suh-Aftonian. 

First  interglacial  stage,  Aftonian. 
Second  glacial  stage,  Kansan. 

Second  interglacial  stage,  Yarmouth. 
Third  glacial  stage,  Illinoian. 

Third  interglacial  stage,  Sangamon. 
Fourth  glacial  stage,  loivan. 

Fourth  interglacial  stage,  Peorian. 
Fifth  glacial  stage,  Wisconsin. 

The  Wisconsin  drift  is  very  much  younger  than  the  Kansan 
or  the  pre-Kansan.  There  is  an  enormous  interval  between  the 
earliest  and  the  latest  of  the  ice  invasions.  The  earlier  glacial  and 
interglacial  stages  seem  to  have  been  longer  than  those  of  later 
date.  Some  of  the  interglacial  intervals  were  many  times  as  long 
as  the  period  which  has  elapsed  since  the  disappearance  from 
Iowa  of  the  great  ice  fields  which  characterized  the  Wisconsin 
stage  of  glaciation.  If  the  time  since  the  Wisconsin  is  taken  as 
imitj',  the  time  since  the  Kansan  is  at  least  twenty;  the  history 
of  glaciation  in  Iowa  is  long,  the  records  are  exceedingly  com- 
plex. 

The  pre-Kansan  drift  nowhere  expresses  itself  at  the  surface ; 
it  has  been  exposed  in  a  few  places  by  the  erosion  of  stream  val- 
leys ;  but  the  most  satisfactory  sections,  showing  the  characteris- 
tics and  relations  of  this  oldest  of  all  the  known  mantles  of  till, 
are  found  in  railwav  cuts  and  other  artificial  excavations.     In 
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the  report  on  Page  county,  volume  XI,  pages  411  and  447,  there 
are  suggestions  that  the  surface  drift  of  southwestern  Iowa  may 
possibly  be  pre-Kansan.  The  reasons  for  making  these  sugges- 
tions were  found  in  the  enonnous  changes  which  the  drift  of  the 
region  has  undergone.  The  surface  of  the  drift  has  been  deeply 
eroded.  Valleys  have  been  cut  in  it  from  100  to  200  feet  in  depth 
and  two,  three  or  four  miles  in  width.  The  whole  surface  of  the 
country,  even  on  the  divides,  is  deeply  carved  and  trenched; 
while  weathering,  measured  in  all  its  aspects  and  effects,  has 
wrought  profound  changes  in  the  deposit  to  unusual  depths.  The 
whole  body  of  the  till  is  completely  altered  to  depths  of  forty  or 
fifty  feet.  Taking  all  the  criteria  into  consideration,  the  south- 
western drift  seems  very  much  older  than  the  Kansan  till  of 
southeastern  Iowa. 

Over  the  greater  part  of  Iowa  the  Kansan  and  pre-Kansan  drift 
sheets  are  definitely  separated  by  soil  beds,  peat  beds,  and  the 
remains  of  luxuriant  forests  which  flourished  in  the  interglacial 
interval.  At  Afton  Junction,  however,  there  are  heavy  beds  of 
gravel  between  the  two  sheets  of  till.  This  gravel  was  deposited 
by  the  strong  currents  of  water  which  flowed  away  from  the  edge 
of  the  pre-Kansan  ice  during  the  period  when  it  was  melting. 
Gravel  was  washed  out  over  that  part  of  the  pre-Kansan  till  from 
which  the  slowly  wasting  and  retreating  glaciers  had  withdrawn. 
Later  on,  the  Kansan  ice  came  and  deposited  drift  above  it.  But 
in  the  mean  time  a  thin  soil  was  developed  on  the  surface  of  the 
gravel,  and  forests  grew  upon  this  surface  during  a  long  interval 
of  mild  climate.  It  is  from  this  typical  locality  at  Afton  Junc- 
tion that  science  gets  the  name  Af tonian  for  the  interval  between 
the  first  and  second  of  the  recognized  ice  invasions  of  Iowa. 

During  the  season  of  1901  the  ' ' BurUngton ' '  road  spent  vast 
sums  of  money  in  rectifying  its  alignment  and  grades  in  south- 
western Iowa ;  and  the  great  number  of  deep  cuts  which  were 
made  in  the  progress  of  the  work  afforded  an  opportunity  to  de- 
termine definitely  the  relation  of  the  drift  sheets  in  this  part  of 
the  state.  Taking  advantage  of  this  unusual  opportunity,  the 
region  was  visited  and  a  number  of  the  cuts  were  examined.  The 
fresh  sections,  showing  every  detail,  but  emphasized  the  original 
impression  that  the  surface  drift  of  this  part  of  the  state  shows 
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unusual  age  as  compared  with  the  oldest  drift  east  of  the  *  *  water- 
shed." The  whole  body  of  the  till,  as  noted  above,  is  completely 
changed  by  weathering  to  depths  of  forty  or  fifty  feet.  The  iron- 
bearing  bowlders,  the  diabases,  basalts,  hornblende-bearing  rocks 
and  the  like— are  more  or  less  decayed;  and  the  iron  constituent, 
completely  oxidized,  stains  the  deposit  and  transforms  the  orig- 
inal blue  to  various  tones  of  red  or  brown  or  yellow,  throughout 
the  whole  zone  of  alteration.  From  the  upper  part  of  the  section 
the  Ihnestone  pebbles  have  been  removed  by  solution;  and  the 
finer  limestone  flour,  which  was  originally  an  important  part  of 
the  drift,  has  been  leached  out  by  descending  waters.  The  whole 
lime  constituent  has  now  been  completely  segregated  to  great 
depths ;  and,  by  reason  of  secondary  deposition  from  solution,  it 
now  appears  as  concretions  resembling  the  well  known  loess  kind- 
chen.  The  position  of  these  concretionary  lime  balls  is  well  down 
in  the  sides  of  the  cuts,  where  they  are  usually  arranged  in  rather 
definite  rows  along  the  cracks  or  joints  which  determined  the 
course  of  the  descending  waters. 

The  fresh  cuts  west  of  the  ** watershed"  afford  opportunities 
never  before  presented  to  tlie  geologist.  In  the  first  place,  they 
have  opened  up  and  revealed  the  true  character  of  the  drift  in  the 
vicinity  of  Afton  Junction  as  no  excavations  or  natural  exposures 
had  ever  done  before;  and  in  the  second  place  they  have  made 
it  possible  to  trace  the  surface  drift  sheet  with  practical  continu- 
ity for  distances  of  many  miles.  It  may  now  be  demonstrated 
that  it  is  the  old  looking  drift  of  southwestern  Iowa  that  overlies 
the  gravels  at  Afton  Junction.  In  the  first  cut  west  of  Afton 
Junction  the  Aftonian  gravels  are  exposed  beneath  fifty  feet  or 
more  of  this  old  and  highly  altered  drift.  Notwithstanding  all 
the  unmistakable  evidence  of  age  which  it  presents,  the  surface 
drift  of  southwestern  Iowa  is  supra-Aftonian.  For  the  present 
at  least  it  will  have  to  be  correlated  with  the  Kansan  drift  of  the 
southeastern  part  of  the  state.  A  sheet  of  true  sub-Aftonian  or 
pre -Kansan  till  is  well  exposed  beneath  the  gravels  in  the  bluffs 
of  the  river  valley,  about  a  mile  southwest  of  Afton  Junction. 
As  already  stated,  the  sub-Aftonian  or  pre-Kansan  till  is  exposed 
in  only  a  very  few  sections,  and  these  are  limited  in  size ;  while, 
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SO  far  as  now  known,  it  does  not  anj^where  control  the  topographic 
characters  of  the  surface. 

Until  the  past  season  nothing  was  positively  known  concerning 
the  true  location  of  the  respective  margins  of  the  lowan  and  Kan- 
san  drift  sheets  in  the  territorj^  lying  between  the  north  line  of 
Delaware  county  and  the  Iowa-Minnesota  boundary.  The  trac- 
ing of  drift  margins  has  always,  in  large  measure,  been  made 
subordinate  to  broader  studies  of  the  geological  structure  and 
resources  of  the  region  under  consideration.  During  1901  the 
sun'ey  of  Howard  county  afforded  an  opportunit>'^  to  joap  the 
lowan  margin  through  a  part  of  its  course  in  this  unknown  terri- 
tory. The  work  demonstrated  the  fact  that  along  the  northern 
state  line  the  Kansan  drift  extends  many  miles  farther  east  than 
does  t]ie  lowan,  while  at  the  middle  of  the  north  line  of  Delaware 
county  the  margins  of  the  two  till  sheets  appear  practically  to 
coincide.  The  correct  mapping  of  the  glacial  deposits  in  north- 
eastern Towa  can  not  be  finished,  however,  until  detailed  surveys 
have  been  made  in  Clayton,  Fayette  and  Winneshiek  counties. 
In  Howard  countv  the  lowan  boundarv  cuts  the  Minnesota  line 
near  the  northwest  corner  of  section  11,  Forest  City  township, 
loops  back  into  section  10  a  few  rods  south  of  the  line,  trends 
almost  south  toward  Foreston,  turns  southeastward  and  passes 
south  of  the  mill  at  the  village  named,  traverses  the  north  half 
of  section  14  and  crosses  into  Albion  township  in  the  southwest 
quarter  of  section  18.  From  this  point  its  course  is  in  the  main 
southeastward,  passing  a  few  rods  south  of  the  centers  of  sec- 
tions 20  and  27,  and  leaving  Albion  township  near  the  northeast 
corner  of  section  36.  Here,  as  elsewhere,  a  thick  loess  ridge 
marks  the  liraits  attained  by  the  lowan  ice.  From  the  summit  of 
this  ridge  one  looks  northward  and  northeasfr^^ard  over  a  succes- 
sion of  rounded,  loess-covered  hills  which  have  been  developed  b}' 
]on.ff  erosion  of  the  older  Kansan  drift;  toward  the  south  and  the 
southwest  the  lowan  drift  plain,  dotted  with  bowlders  and  free 
from  loess,  stretches  away  to  the  horizon,  as  level  as  a  sea.  The 
deeply  eroded,  weather-stained  Knnsan  drift,  with  its  mantle  of 
loess,  continues  eastward,  extending  well  across  Wiimeshiek 
county,  but  the  exact  line  which  divides  the  drift-covered  from 
the  driftless  area  in  this  part  of  Iowa  remains  to  be  determined 
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when  work  has  been   extended   over   the   unsurveyed   counties 
through  which  the  border  of  the  old  Kansan  glaciers  passes. 

The  subject  of  petroleum  and  natural  gas  continues  to  occupy 
a  large  share  of  public  attention,  a  fact  no  doubt  due  to  tJie  phe- 
nomenal developments  which  have  taken  place  at  numerous 
points,  particularly  in  Texas,  Colorado  and  Wyoming.  There 
have  been  a  number  of  reported  discoveries  of  petroleum  in  low^a 
since  the  last  annual  report  was  written ;  and  in  some  i)laces  the 
question  of  putting  down  prospect  holes  has  been  seriously  con- 
sidered. Oil  and  gas  are  two  phases  of  the  same  phenomenon. 
They  are  likely  to  occur  together,  but  occasionally  one  is  found 
without  the  other.  That  they  are  both  of  organic  origin  is  no 
longer  seriously  questioned ;  and  if  their  organic  origin  is  clearly 
apprehended,  it  will  be  unnecessarj'  to  state  that  they  can  occur 
only  in  fonnations  that  are  younger  than  the  introduction  of  life 
on  the  globe.  The  earliest  faunas  of  any  consequence  lived  dur- 
ing the  Cambrian  period ;  but  it  was  not  until  the  Trenton  division 
of  the  next  period  that  life  existed  in  such  profusion  as  to  fur- 
nish organic  matter  in  sufficient  amount  to  give  rise  to  gas  or  oil 
in  quantities  worthy  of  consideration.  The  Trenton,  therefore, 
is  the  oldest  formation  in  which  oil  or  gas  may  be  expected  to 
exist  in  volumes  of  commercial  importance;  and  as  a  matter  of 
fact,  it  is  the  oldest  in  which  these  products  have  been  found  in 
paying  quantities.  So  far  as  the  presence  of  life  is  concerned, 
ever}'  formation  since  the  Trenton  might  have  become  a  source 
and  reservoir  of  gas  and  oil ;  but  the  conservation  and  accumu- 
lation of  these  products  of  organic  decay  depend  on  a  number  of 
factors  which  must  be  coincident  at  the  right  time  and  place. 
For  lack,  therefore,  of  the  requisite  coincidence  of  favoring  con- 
ditions, the  formations  are  not  all  equally  rich ;  and  there  is,  fur- 
thermore, the  largest  possible  variation  in  the  matter  of  oil  or 
gas  content  in  different  parts  of  the  same  formation.  A  very 
striking  illustration  of  the  truth  of  the  last  projwsition  is  found 
in  the  fact  that  deposits  of  the  Tertiary  age  are  universally  dis- 
tributed over  a  large  area  in  southern  Texas.  The  thickness  of 
the  beds  and  their  general  characteristics  are  essentially  the  same 
everywhere  in  the  region  referred  to,  but  oil  production  at  Beau- 
mont is  limited  to  the  small  eminence  known  as  Spindle    Top, 
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which  has  an  area  of  less  than  a  square  mile.  The  Trenton  lime- 
stone is  the  productive  formation  in  Indiana  and  western  Ohio, 
but  the  production  is  limited  to  certain  favored  areas ;  while  other . 
areas  in  the  same  territory— in  no  way  different  so  far  as  surface 
indications  are  concerned— are  absolutely  barren.  The  follow- 
ing lal)le  shows  the  geological  distribution  of  gas  and  oil  in  the 
United  States  and  Canada,  and  the  distribution  is  essentially  the 
same  throughout  the  entire  world: 

TABLE  SHOWING  THE  GEOLOGICAL  DISTRIBUTION  OF  OIL  AND  GAS. 


GBOLOGICAL  PBKI0D8. 


LOCALITIES. 


Pleiitocene  or  Quaternary. 


No  productive  oil  wells  in  deposits  ot  this  period.  Small  reservoirs  of  gas, 
in  the  form  of  sealed  in  beds  of  sand  or  gravel,  occur  in  the  glacial 
deposits  at  Letts,  Herndon  and  a  few  other  points  in  Iowa. 


Tertiary 

Los  Angeles  and  other  oil-pr»ducing  localities  in  California;  Beaumont, 
Texas;  Jennings,  Louisiana;  some  oil  fields  in  Wyoming;  oil  fields  in 
Russia  and  in  Peru. 

Cretaceous 

Florence.    Boulder  and  Pikes  Peak,  Colorado;  San   Antonia,  Elgin  and 

Corsicana,  Texas;  some  oil  horizons  in  Wyoming  and  British  Colum- 
bia. 

Jurassic 

In  one  field  in  Wyoming  oil  occurs  in  the  Jurassic.     No  productive  welli. 

hcwever,  are  yet  known  to  be  supplied  from  reservoirs  belonging  to 
this  formation. 

Triassic 

No  known  oil-producing  horizons  in  the  Triassic. 

Carboniferous.... 

upper  Carboniferous.      Popo    Agie   field,    Wyoming;  field  in   northern 

Indian  Territory:  Needesha,  Chanute,  etc.,  Kansas. 
Lower  Carboniferous.    Central  Ohio;  West  Virginia. 

Devonian 

Pennsylvania,  western  Ontario:  some  wells  in  central  Ohio. 

Silurian 

No  known  productive  wells,  though  oil  occurs  in  the  Medina  sandstone  In 
Canada,  and  the  Niagara  limestones  about  Chicago  are,  in  placet, 
saturated  with  oil.  Some  traces  of  oil  at  the  same  horizon  in  Cedar 
county,  Iowa. 

Ordovician 

Oil  and  gas  both  abundant  in  certain  localities,  in  the  Trenton  limestone. 
Gaspe.  Canada;  Lima  and  many  other  places  in  western  Ohio:  oil  and 
gas  fields  in  Indiana  and  Kentucky.  Some  Jrenton  shales  in  Iowa  are 
rich  in  bitumen.    In  beds  of  Quebec  age,  Newfoundland. 

REPORT  OP  THE  STATE  GEOLOGIST.  25 


GBOLOGICAL   PERIODS . 

LOCAUTIIS. 

Cambrimn 

No  productWe  welli. 

Algonkian. 

No  probability  and  little  poMibility  of  productive  wells. 

Ercbstn 

No  poMibility  of  productive  welli. 

An  examination  of  this  table  shows  what  has  already  been 
said,  that  the  Trenton  is  the  lowest  of  the  geological  fonnations 
yielding  gas  or  oil  in  conunereial  quantities.  Now  the  whole 
Trenton  series  crops  out  so  that  its  several  members  may  be 
studied  as  surface  rocks  in  the  northeastern  counties  of  Iowa,  and 
the  Trenton  underlies  the  surface  at  no  very  great  depth  in  near- 
ly all  the  other  portions  of  the  state.  The  demand  for  water  has 
led  to  the  boring  of  numerous  deep  wells  for  the  purpose  of  draw- 
ing upon  the  supplies  stored  in  the  great  water  beariog  sandstone, 
the  Potsdam  or  Saint  Croix,  which  lies  at  the  base  of  the  Paleozoic 
formations  in  the  Mississippi  valley.  All  wells  in  the  interior  of 
the  state,  which  have  reached  the  Cambrian  sandstone,  have 
passed  through  the  whole  thickness  of  the  Trenton;  and  each 
well,  so  far  as  concerned  the  locality  in  which  it  was  bored,  was 
an  effective  test  for  gas  or  oil  in  the  Trenton  and  in  all  the  strata 
which  lie  above  it.  A  few  of  the  points  where  decisive  tests  have 
been  made  are  Ackley,  Amana,  Anamosa,  Ames,  Boone,  Burling- 
ton, Cedar  Bapids,  Centerville,  Clinton,  Davenport,  Des  Moines, 
Grinnell,  Holstein,  Homestead,  Jefferson,  Keokuk,  Manchester, 
Mason  City,  Ottumwa,  Pella,  Sabula,  Sigoumey,  Sioux  City,  Tip- 
ton, Vinton,  Washington,  Waverly,  Webster  City  and  West  Lib- 
erty, 

Another  of  the  geological  horizons  of  our  state,  in  which  or- 
ganio  matter  is  present  in  suflBcient  amount  to  make  it  a  possible 
source  of  gas  or  oil,  in  the  Upper  Carboniferous.  The  gas  and 
oil  of  southeastern  Kansas  are  found  in  associated  sandstones 
and  shales  of  the  same  age  as  the  Coal  Measure  deposits  of  Polk 
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county,  Iowa.  Tliis  possibly  productive  geological  formation 
underlies  the  whole  southwestern  part  of  the  state.  In  the  south- 
western counties,  indeed,  the  geological  conditions  resemble  very 
closely  those  at  Neodesha  and  lola,  Kansas.  The  requisite  con- 
ditions which  have  not  yet  been  proven  to  exist  are  the  porous 
reservoir  and  the  proper  cover;  and  these  conditions  might  easily 
be  met,  even  in  such  an  undisturbed  region  as  ours,  b}'  a  large 
body  of  sandstone  completely  sealed  in  with  shale.  In  general, 
productive  fields  are  found  in  regions  of  disturbance  where  the 
sedimentary  strata  has  been  thrown  into  a  series  of  folds.  This 
is  the  situation  in  the  productive  belts  of  West  Virginia,  Penn- 
sylvania, Ohio,  Indiana,  Colorado,  Wyoming  and  in  practically 
all  other  areas  that  could  be  mentioned.  The  oil  bearing  areas 
of  Texas  and  Kansas  may  be  exceptions,  for  here  the  reservoirs 
may  be  porous  sands  or  sandstone,  not  folded,  but  thinning  out 
at  the  edges  so  as  to  be  completely  shut  in  by  impervious  shales 
or  clays.  It  is  in  such  sealed-in  reservoirs  that  gas  occurs  in  the 
glaciai  deposits  of  Iowa  and  a  few  other  localities  in  the  drift- 
covered  portions  of  North  America. 

The  gas  and  oil  belt  of  Indian  Territory  and  Kansas  is  of  es- 
pecial interest  to  lowans,  for  it  has  suggested  to  men  of  enter- 
prise in  certain  localities  the  possibility  of  some  as  yet  untapped 
reservoirs  within  the  limits  of  our  own  state.  This  belt  has  a 
trend  slightly  east  of  north,  and  its  extension  would  pass  through 
northwestern  Missouri  into  southwestern  Iowa.  Within  the  ter- 
ritory^ last  named,  however,  the  productive  horizons  of  Kansas 
have  been  explored  by  the  drill  at  such  points  as  Atlantic,  Ceu- 
terville,  Clarinda,  Glenwood  and  Osceola,  and  in  each  case  the 
results,  so  far  as  relate  to  oil  and  gas,  have  been  negative.  There 
is  another  thing  to  be  kept  in  mind,  and  that  is  the  fact  that  the 
Kansas  belt  becomes  less  productive  toward  the  north.  It  seem.s 
as  if  the  porous  sandstones  which  constitute  the  reservoir  thin 
out  in  this  direction.  Heavy  bodies  of  sandstone  in  the  lower 
Coal  Measures,  extending  over  areas  of  any  considerable  extent, 
have  not  been  found  in  our  state.  These  facts,  it  should  be  said, 
do  not  positively  prove  that  there  is  no  oil  or  gas  in  southwest- 
em  Iowa,  but  their  bearing  and  significance  will  be  readily  ap- 
preciated by  thoughtful  and  prudent  investors.    Every  borings 
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for  whatever  purpose  made,  which  goes  through  the  productive 
oil  and  gas  horizons,  simply  limits  by  so  much  the  area  in  which 
it  is  worth  while  even  to  think  of  spending  money  in  prospecting. 

In  the  report  on  Buchanan  county,  volume  VIII,  page  220, 
there  is  reference  to  a  well  defined  fold  which  begins  in  Delaware 
count}^  and,  extending  across  Buchanan,  passes  into  Bremer. 
Tliis  is  one  of  the  most  marked  and  extensive  folds  affecting  the 
geological  strata  of  Iowa,  and  it  might  reasonably  be  expected 
that  here,  if  anywhere,  should  be  found  conditions  favorable  to 
the  accumulation  and  preservation  of  stores  of  gas  and  oil.  So 
far  this  fold  has  not  been  fully  explored  by  the  drill ;  but  the 
deep  well  at  Waverly  is  not  very  far  from  its  axis,  and  the  "^Vav- 
erly  well  has  gone  down  through  all  the  possibly  productive  for- 
mations and  deep  into  the  Cambrian  sandstones  without  bringing 
to  light  anything  which  could  suggest  even  the  presence  oi'  eco- 
nomic products  other  than  a  bountiful  supply  of  pure,  whole- 
some, artesian  waters. 

Letters  received  at  this  office,  asking  for  information  and  ad- 
vice relative  to  boring  for  oil  or  gas,  have  been  more  numerous 
during  the  past  year  than  ever  before.  In  every  case  the  writers 
have  been  informed  as  to  the  exact  facts  and  left  to  exercise  their 
own  judgment  concerning  the  propriety  of  proceeding  with  the 
contemplated  enterprise.  In  the  matter  of  developing  our 
natural  resources  the  people  of  Iowa  are  entitled  to  the  best  in- 
formation that  geological  science  can  give ;  and  the  present  knowl- 
edge of  the  geological  structure  of  the  state  makes  it  possible 
over  the  greater  part  of  our  area,  to  predict  the  outcome  of  drill- 
ing for  water  or  for  other  products,  with  a  high  degree  of  accur- 
acy. It  is  difficult,  however,  to  get  men— even  the  most  intelli- 
gent of  men— to  appreciate  the  significance  of  some  of  the  sim- 
plest of  geological  facts,  when  it  happens  that  the  men  are  not 
themselves  geologists.  Nevertheless  the  world  is  moving  toward 
a  brighter,  higher  and  grander  intelligence;  and  those  whose 
mission  it  is  to  teach  can  afford  to  exercise  patience,  to  labor  and 
wait. 

I  have  the  honor  to  remain,  gentlemen. 
Yours  very  sincerely, 
I  Samuel  C^vlvin. 
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State  Geological  Survey, 
Des  Moines,  December  31,  1901. 

Dear  Sir:— I  have  the  honor  to  submit  the  following  report 
upon  the  work  of  the  past  year.  During  the  winter  and  spring 
months  a  large  share  of  my  time  was  taken  up  with  the  duties 
connected  with  the  publication  of  volume  XI.  These  included 
the  editing  of  the  manuscripts,  preparation  of  the  maps  and  illus- 
trations and  reading  the  proof.  The  regular  work  of  the  office 
also  included  the  answering  of  the  numerous  letters  of  inquiry 
which  are  constantly  coming  to  the  Survey.  Information  has 
been  sought  concerning  the  presence  or  absence  in  different  por- 
tions of  the  state  of  coal,  building  stone,  clay,  artesian  water  and 
other  mineral  products.  Not  a  few  of  these  inquiries  come  from 
other  states. 

During  the  year  the  printing  of  Bulletin  No.  1,  on  the  Grasses 
of  Iowa  was  also  finished  and  the  greater  part  of  the  edition  has 
already  been  distributed.  The  demand  has  been  large  and  the 
Bulletin  has  received  wide  and  favorable  mention. 

In  July,  as  soon  as  the  completion  of  the  printing  allowed,  I 
began  field  work  in  Wapello  county  and  continued  it  with  slight 
interruption  until  late  in  September.  The  area  surveyed  and 
mapped  forms  one  of  the  important  coal  counties  of  the  state, 
and  its  production  of  building  stone  and  clay  products  is  also 
large.  Particular  attention  was  given  to  the  coal  deposits  of  the 
region  and  to  mapping  the  area  covered  by  the  Lower  Carbonif- 
erous limestone,  quarried  so  extensively  as  a  building  stone. 
Early  in  November  a  trip  was  made  to  Clarinda  for  the  purpose 
of  examining  the  core  of  a  diamond  drill  hole  sunk  at  that  place 
several  years  ago.  The  record  of  this  boring  is  an  interesting 
and  valuable  one,  since  it  is  one  of  the  few  from  the  southwestern 
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part  of  the  state  and  furnishes  a  knowledge  of  the  character  and 
thickness  of  the  deeper  strata.  Much  credit  is  due  to  the  citizens 
of  Clarinda,  who  have  had  the  core  carefully  boxed  and  pre- 
served. At  the  time  the  hole  was  sunk  a  record  of  it  was  kept  by 
Mr.  C.  W.  Stewart.  This  was  kindlv  furnished  the  writer  and 
was  used  for  comparison  with  one  made  by  the  writer.  For 
information  respecting  the  existence  of  this  drill  core,  as  well  as 
for  many  other  similar  favors,  the  Surv^ey  is  indebted  to  Dr.  Geo. 
L.  Smith,  of  Shenandoah. 

The  following  record  was  made   from   the   examination  and 
measurement  of  the  core : 

RECORD  OF  THE  CLARINDA  DIAMOND  DRILL  HOLE  IN  THE  NORTHEAST  PART  O? 

TOWN.     (Se.  H  OF  SEC.  99.  TWP.  69  N.,  R.  XXXVI  W.) 

Thick- 
ness.     Depth.  . 

109.     Drift    43  43 

108.     Shale,   blue    5  48 

107.     Limestone    4  52 

106.     Shale,   black    1  53 

105.     Coal    1%  54% 

104.     Fire   clay    2%  57 

103.  Shale,  gray,  calcareous  and  fossilifer- 

ous    17  74 

102.     Shale,  dark    2  76 

101.     Limestone 2%  78% 

100.     Shale,  calcareous 1  %  80 

99.     Limestone    6  86 

98.     Shale,    calcareous    1 'i  87i^i 

97.     Limestone    3  90^^ 


96.  Shale    6  96^^ 

95.  Coal    «i         97 

94.  Limestone    18  115 

93.  Shale    2  117 

92.  Limestone    2  119 

91.  Shale,   dark,   calcareous    2  121 

90.  Limestone    2  123 

89.  Shale,  calcareous    15  138 

88.  Limestone    4  142 

87.  Shale,   dark   blue    36  178 

86.  Limestone    7  185 

85.  Shale,   black    1  186 

84.  Limestone    3  189 

83.  Shale,  black    12  201 

82.  Limestone    7  208 

81.  Shale,   blue    1  209 
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Thick- 
ness. Depth. 

80.  Limestone 2  211 

79.  Shale,  dark  blue   8  219 

78.  Limestone,   carrying   f iisulinns    22  241 

77.  Shale,  dark  blue 4  245 

76.  Shale,  calcareous    16  261 

75.  Limestone    6  267 

74.  Shale,  calcareous    n  278 

73.  Shale,  red.  green  and  blue 22  300 

72.  Limestone    i  301 

71.  Shale,   dark   blue    93  394 

70.  Limestone    4  393 

69.  Shale,  dark  blue,  calcareous  in  part..  15  413 

68.  Limestone    I6  429 

67.  Shale,  black  and  green 13  442 

66.  Limestone    o  444 

65.  Shale,   black    ic  46O 

64.  Limestone    1  45^ 

63.  Shale,   black    1  452 

62.  Limestone    i  453 

61.  Shale,  green  and  black 6  469 

^'^'  <^onJ    14  4691/jj 

59.  Shale,  green  and  black    6»4  476 

58.  Limef/tone,   impure,   argillaceous    6  482 

57.  Shale,    black    13  495 

56.  Limestone    1  496 

55.  Shale,    black    4  500 

54.  Limestone    2  502 

53,  Shale   3  505 

52,  Limestone   19  ^24 

51.  Shale,  gray  and  black..*. 4  528 

50.  Limestone     1  529 

49.  Shale    g  537 

48.  Limestone,   argillaceous    4  451 

47.  Shale,  green  and  black   5  546 

46.  Limestone    10  556 

45.  Shale,    dark   blue    16  572 

44.  Limestone    4  575 

43.  Shale,  dark  blue   2  578 

42.  Limestone    22  600 

41.  Shale,  black  and  green   10  610 

40.  Limestone    31  541 

39.  Shale,   black    g  649 

38.  Limestone    2  651 

37.  Shale    2  653 

36.  Limestone    13  55$ 

35.  Shale,   black    3  659 

^^'  Coal  5-6  «eo  r*6 
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Thick- 

ne68.       Depth. 

33.  Fire  clav 2  1-6    672 

32.  Limestone     9  681 

31.  Shale     4  635 

30.  Limestone    5  690 

29.  Shale    13  703 

28.  Limestone     6  700 

27.  Shale    1  710 

26.  Limestone    1  711 

25.  Shale,  gray    4  715 

24,  Sandstone,  micaceous    7  722 

23.  Shale,    sandy    2:>  747 

22,  Sandstone   1  748 

21.  Shale    5  75:: 

20.  Coal    1  754 

19.  Shale     1  755 

15.  Limestone,    argillaceous    3  75S 

17.  Shale    1  759 

16.  Sandstone    4  763 

15.  Shale,   black    1  764 

14,  Sandstone,  sandy  shale,   fine,   micace- 
ous      19  783 

13.  Shale     9  792 

12.  Limestone     1  793 

11.  Shale    4  797 

10.  Limestone    6  803 

9.  Shale    5  808 

8.  Limestone    2  810 

7.  Shale,    black    3  813 

6.  Coal «;  8l8^i 

5.  Sandstone   7  820»3 

4.  Limestone     5  ?3  826 

3.  Shale    3  829 

2.  Limestone    2  831 

1.  Shale    9  840 

The  above  differs  materially  from  the  record  of  the  boring 
made  southwest  of  Clarinda,  in  the  southwest  quarter  of  section 
36,  and  given  in  Professor  Calvin's  report  on  Page  county.  But 
the  latter  hole  was  made  with  a  chum  drill  and  the  samples  of 
the  drillings  were  never  examined  by  a  member  of  the  Survey. 
The  limestones  and  shales  alternate  so  rapidly  and  graduate  the 
one  into  the  other  in  such  a  way  as  to  make  their  discrimination 
difficult,  especially  in  the  drillings.  Entire  confidence  cannot 
therefore  be  placed  in  the  record  already  published  and  it  is  be- 
lieved that  the  one  given  above  is  much  more  accurate.    When 
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the  core  can  be  examined  the  character  and  thickness  of  the  differ- 
ent strata  can  be  determined  with  greater  reliability.  This  one 
resembles  the  Glenwood  section  in  the  rapid  alternation  of  shales 
and  limestones  and  in  the  large  number  of  limestone  layers.  At 
Glenwood  there  are  sixteen  limestone  horizons  in  that  portion  of 
the  section  referred  to  the  Missourian  and  at  Clarinda  there  are 
thirteen. 

The  upper  coal  seam,  No.  105,  is  mined  in  several  places  near 
town,  two  mines  having  been  opened  in  it  during  the  past  year 
(1901).  This  seam  is  the  Nodaway  coal,  which  is  mined  at  sev- 
eral points  in  Page  and  surrounding  counties. 

In  the  above  section  the  base  of  the  Missourian  is  believed  to 
be  at  about  715  feet,  there  being  but  little  limestone  below  that 
depth.  This  would  give  the  Missourian  here  a  thickness  of  670 
feet,  which  is  the  thickness  given  for  that  formation  at  Glenwood. 

During  the  past  year  the  following  publications  have  been 
added  to  the  library  of  the  Surv^ey: 

Annual  Keport  of  Smithsonian  Institution,  1900. 

Annals  of  the  New  York  Academy  of  Sciences,  Vol.  XII,  Parts  II  and 
III.  Vol.  XIII,  Part  I. 

Proceedings  of  the  United  States  National  Museum,  Vols  22  and  23. 

Geological  Survey  of  Alabama.    Plant  Life  of  Alabama. 

25th  Annual  Keport  of  Indiana  Geological   Survey. 

Maryland  Geological  Survey.     Eocene. 

Geological  and  Natural  History  Survey  of  Minnesota,  Vol,  6  Atlas. 

Transactions  of  the  Kansas  Academy  of  Science,  Vol  XVII, 

Bulletin  of  the  Buffalo  Society  of  Natural  Sciences,  Vol.  VII,  No.  1. 

Proceedings  and  Collections  of  the  Wyoming  Historical  and  Geolog- 
ical Society  for  1900. 

Geological  Surve3'  of  New  South  Wales.  The  Mineral  Kesources  of 
New  Soiith  Wales. 

Proceedings  of  the  Philosophical  Society  of  Glasgow,  Vol.  XXXII. 

Report  of  the  Ontario  Bureau  of  Mines. 

EcIog£e  Geologicse,  Helvetse,  Vol.  V. 

Verj^  Resi)ectfully, 

A.  G.  Leonard, 
Assistant  State  Geologist. 
To  Prof.  Samuel  Calvin, 

State  Geologist. 


REPORT  OF  PROF.  W.  H.  NORTON,   IN   CHARGE    OF 

ARTESIAN  WELLS. 


Dr.  Samuel  Calvin,  Director,  Iowa  Geological  Survey: 

Sir:— I  have  the  honor  to  make  the  following  report  of  the  work 
done  during  the  year  1901  in  reference  to  the  artesiari  wells  of 
the  slate. 

During  tlie  past  year  a  smaller  number  of  wells  was  being 
drilled  within  the  limits  of  the  state  than  in  several  previous 
years,  and  the  opportunities  of  this  oflBee  have  been  correspond- 
ingly diminished. 

We  have  advised  with  the  State  Board  of  Control  as  to  a  num- 
ber of  wells  now  drilling  or  in  contemplation  at  state  institutions. 
Of  the  well  at  Mitchellville,  we  were  kept  informed  as  the  drill- 
ing progressed,  and  were  thus  able  to  state  the  formations  in 
which  the  drill  was  working,  and  the  probabilities  as  to  their 
water  supply. 

The  unfinished  well  at  the  Hospital  for  the  Insane  at  Chero- 
kee has  also  been  placed  under  our  advisory  supervision.  A  com- 
plete set  of  samples  of  the  drillings  has  been  sent  to  the  oflBce  of 
the  1,000  feet  already  drilled,  and  others  will  be  forwarded  as 
the  work  goes  on.  While  at  present  advising  the  further  prose- 
cution of  the  boring,  we  shall  be  able  to  advise  against  its  con- 
tinuance, whenever  we  find  that  it  has  passed  below  the  water 
bearing  strata,  or  aquifers  of  the  region,  thus  making  it  possible 
to  avoid  the  waste  of  thousands  of  dollars  which  in  a  number  of 
cases  in  Iowa  as  well  as  in  other  states,  has  resulted  from  drilling 
wells  to  needless  depths  for  want  of  expert  advice.  The  drillings 
from  the  Cherokee  well  will  give  us  for  the  first  time  a  reliable 
lithological  section  of  the  deeper  rocks  in  this  region  of  the  state, 
and  data  of  great  value  in  regard  to  its  water  resources. 

We  were  also  consulted  by  the  Board  of  Control  as  to  the  ad- 
visability of  sinking  new  wells  at  the  state  institutions  at  Glen- 
wood  and  Mt.  Pleasant,  in  proximity  to  the  deep  wells  there,  whose 
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capacity  is  not  equal  to  the  needs  of  the  hospitals;  and  in  each 

case  were  able  to  give  favorable  reply,  after  taking  into  account 

the  various  factors  in  the  cases. 

To  the  chief  engineer  of  the  Minneapolis  and  St.  Louis  Railway, 

we  were  able  to  supply  a  large  amount  of  data  as  to  the  extent  and 

depth  of  the  leading  water  horizons  of  those  portions  of  the  state 

traversed  by  that  railway. 

The  deep  well  at  Sumner,  over  which  we  had  some  supervision, 
has  been  brought  to  a  satisfactory  completion,  after  a  series^  of 
delays  owing  to  accidents  of  the  usual  kinds  in  the  progress  of 
the  work.  Through  the  intelligent  care  of  the  council,  a  com- 
plete set  of  drillings  was  preserved,  most  of  which  have  already 
been  sent  to  this  office. 

The  Board  of  Control  has  also  directed  that  the  sample  drill- 
ings from  the  artesian  well  recently  drilled  at  the  Hospital  at  Mt. 
Pleasant  be  sent  here  for  detemiination.  This  will  give  a  reliable 
geogra])hical  section  for  this  area,  where  our  data  had  before 
this  been  incomplete. 

We  have  collected  datii  of  considerable  value  from  a  number 
of  wells  recently  sunk,  from  the  second  and  third  wells  of  the 
waterworks  at  Boone,  from  the  well  at  the  state  institution  at 
Glenwood,  and  from  the  Davenport  artesian  field  relating  to  in- 
terference of  wells. 

I  have  the  honor  to  remain  vour  obedient  servant, 

William  Harmon  Norton. 

Cornell  College,  Mt.  Vernon,  Iowa,  Jan.  17,  1902. 


REPORT  OF  DR.  J.  B.  WEEMS. 


Ames,  Iowa,  December  31,  1901. 
Sir: — I  have  the  honor  of  presenting  the  following  report  for 
the  Cliemical  Work  of  the  Geological  Survey. 

The  laboratory  work  has  been  limited  to  the  analysis  of  clays 
in  connection  with  the  investigation  of  the  clays  of  the  state. 

During  the  year  twenty-five  samples  of  clay  have  been  analyzed. 
The  analytical  work  included  complete  chemical  and  rational 
analyses  for  each  sample.  The  Chemical  Section  of  the  Experi- 
ment Station  is  continuing  its  work  upon  the  soils  furnished  by 
the  Survev. 

The  lack  of  space  for  the  cliemical  work  of  the  department  and 
the  Chemical  Section  of  the  Station  has  made  the  work  for  the 
Survey  a  difficult  matter,  and  has  caused  long  delays  in  the  chem- 
ical work. 

The  Grass  Bulletin  prepared  by  the  Departments  of  Botany 
and  Agricultural  Chemistiy  of  the  College  has  been  completed 
and  published  during  the  year.  The  work  has  been  well  received 
by  those  interested  in  the  advancement  of  agriculture. 

Respectfully  submitted, 

J.  B.  Weems, 
Chemist. 
To  Peof.  Samuel  Calvix, 

State  Geologist. 
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MINERAL  PRODUCTION   OF    IOWA 

IN  1901 

BY 

S.  W    BEYER. 


VALUE  OF  MINERAL  PRODUCTION. 

1900. 

Coal $6,977,466 

Clay    2,395,488 

^tone   604,8S0 

(^.ypsiim    393,750 

I-^ead  and  zinc   22,194 

Iron  ore   2,139 

Total   $10,401,661 

1901. 

Coal $8,051,806 

Clay     2,774,200 

Stone   781,756 

(Jypsum 562,500 

Lead  and  zinc 16,500 

Ir(»n  ore 4,876 

Total $12,  204,160 

MINERAL  PRODUCTION  IN  IOWA  FOR    1931. 


BY  S.  W.  BEYER. 

Tho  year  1901  shows  a  splendid  increase  in  mineral  production 
for  Iowa  over  preceding  years,  both  in  quantity  and  price.  This 
increase  is  not  confined  to  any  one  department  but  everj'  depart- 
ment save  that  of  lead  and  zinc  shared  in  the  prosperity.  Coal 
alone  shows  an  advance  in  total  value  of  over  a  million  of  dollars 
or  a  net  increase  of  about  fifteen  per  cent.  Clay  shows  almost  the 
same  percentage  of  increase,  while  the  value  of  stone  advanced 
thirty  per  cent  and  the  iron  ore  production  more  than  doubled. 
The  statistics  for  gypsum  were  not  complete  for  1930  and  com- 
parisons cannot  be  made  in  detail.  The  output  for  1901,  however, 
shows  a  fair  increase  over  1900.  The  total  number  of  producers 
increased  about  five  per  cent,  chiefly  due  to  the  more  complete 
returns  from  the  stone  producers. 
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The  number  of  producers  in  the  various  mineral  industries  of 
the  state  may  be  viewed  in  parallel  columns  for  the  years  1900 
and  1901  in  the  table  below. 

1900.  1901. 

Coal 231  242 

Clay 381  349 

Stone 170  229 

Gypsum 7  7 

Lead  and  zinc 6  10 

Iron  ore 1  1 

Total 796  838 

As  during  the  preceding  years  the  gathering  of  mineral  statis- 
tics was  carried  on  jointly  by  the  State  and  Federal  Sui'veys.  The 
original  requests  were  sent  out  from  Washington,  while  the  task 
of  looking  up  the  delinquents  devolved  largely  uix)n  the  local 
oflSce. 

Full  acknowledgment  is  due  the  producers  for  the  promptness 
shown  by  the  great  majority  in  answering  the  communications 
sent  them  and  for  the  painstaking  completeness  of  their  reports. 

The  value  of  the  total  mineral  production  is  shown  in  table  I 
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TABLE  I. 


VALUE  OF  TOTAL  MINERAL  PRODUCTION  BY  COUNTIES. 
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34,150 
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$  4.876 


16,500 


8,700 
42,338 
16.301 
1.344.475 
13.950 
24.358 
27.146 
471.454 

5,061 
22.467 


19.925 


14.412 

71 . 720 
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TABLE  I— CONTiNtiBD. 
VALUE  OF  TOTAL  MINERAL  PRODUCTION  B 
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36 
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S         67.344 
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1,332,691 
185.744 

73,132 
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3,035 
32,700 

6,600 

1,480.917 

457 
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40.372 
28.270 
3,035 
49.750 
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1,378,125 

426.978 
71,350 
15.940 
14,038 

1,805.103 

15,940 
14,038 

22,303 

57,450 
13,360 

9,875 
30,193 
63,500 
13.492 
16,860 
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64,093 

56,992 

900 

31,093 

325 

50,098 

325 1 653 
56,858 

395 

14,757 

56,858 

29,175 
10,390 
201,075 
4,950 
227,354 
6,372 
132,241 
146,900 

12,404 

41 

9,475 

$562! 500 

32,544 
236,618 

5.458 

16 

Total 

S38 

$8,051,806 

(2,774.200 

$781,756 

$583,876$  12.204.160 
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COAL. 

The  price  of  coal  was  strong  and  on  the  advance  during  the 
entire  year.  This  advance  in  price  was  in  part  due  to  the  in- 
creased cost  of  mining  owing  to  the  wage  scale  adopted  by  the 
joint  conunittee  or  scale  committee  of  the  miners  and  operators  of 
the  district,  generally  known  as  the  *  *  Ottumwa  Agreement, ' '  and 
effective  between  April  1,  1901,  and  March  31,  1902.  This  agree- 
ment was  also  responsible  in  large  part  for  the  increase  in  the 
number  of  men  employed.  Table  II  shows  that  while  the  tonnage 
production  increased  only  about  ten  per  cent  the  number  of  em- 
ployes increased  almost  twentj^  per  cent.  The  **  Ottumwa  Agree- 
ment" established  the  eight-hour  day  and  hence  the  change  in 
number  of  men  employed.  The  average  price  i>er  ton  advanced 
five  cents,  or  a  little  less  than  four  i>er  cent  over  the  precjeding 
year. 

During  the  year  work  in  exploration  was  pushed  vigorously  in 
Monroe,  Polk  and  Marion  counties.  Xo  less  than  twelve  drill  rigs 
were  operating  in  Monroe  county  alone.  Good  results  were  re- 
ported from  all  of  these  counties  and  imf^ortant  developments  may 

be  expected  in  the  near  future,  particularly  in  the  first  two  coun- 
ties mentioned. 

Table  II  gives  the  total  tonnage,  average  price  i^er  ton,  total 
value,  number  of  mines  producing,  average  number  of  days 
worked  and  number  of  men  employed,  arranged  by  counties.  Xo 
attempt  was  made  to  keep  separately  the  various  sizes  of  coal  jmi 
upon  the  market.  Mine  run^  steam  coal,  nut  and  slack  are  in- 
cluded in  the  total.  This  fact  must  be  kept  in  mind  if  an  analysis 
by  counties  be  attempted.  The  Centerville  and  Boone  districts 
mine  *Mongwair'  largely  and  produce  almost  no  slack  and  the 
average  price  per  ton  given  would  be  for  lump  coaK  while  thi* 
districts  which  *•  shoot  from  the  solid"  produce  at  least  thirty  per 
cent  fine  coal  sold  as  **steam/'  ••nut,"  **iriea"  or  **slack."  The 
statistics  are  also  incomfilete  as  to  distribution.  A  consi^lerable 
number  of  the  coal  companies  do  not  keep  a  separate  record  for 
coal  sold  to  «nployes  or  locally  and  the  great  majority  keep  no 
record  of  the  amount  consumed  at  the  mines ;  at  least  few  return 
amounts  so  ocmsmned.  The  amounts  shipped  or  sold  locaUy  vary 
greatly  for  the  different  coal  producing  counties.     In  Adams 
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county  the  mines  are  small  and  the  entire  output  is  sold  locally, 
while  in  Monroe  county  the  large  railway  mines  prevail  and 
scarcely  more  than  one  per  cent  is  consumed  at  liome.  In  Appa- 
noose county  between  five  and  six  per  cent  of  the  output  is  sold 
at  home  while  in  Polk  where  the  urban  population  is  greatest 
the  home  consumption  exceeds  twenty-five  ])er  cent.  The  first 
two  counties  represent  the  extremes  in  the  distribution  of  the 
coal  output  white  the  two  last  mentioned  counties  more  nearly 
represent  the  average  for  country  and  city  districts  respectively. 
The  average  for  the  entire  state,  barring  coal  used  for  steiim  and 
heat  at  the  mines,  would  be  not  far  from  fifteen  per  cent  sold  at 
home  to  eighty-fi\'e  per  cent  shipped. 

TABLE  II. 
COAL  OUTPUT  BY  COUNTIES  FOR  iwi. 
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The  average  number  of  days  worked  sliows  a  failing  oflf  in 
Keokuk,  Lucas,  Mahaska,  Marion  and  Wapello  counties ;  a  falling 
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off  groat  enough  to  affwt  the  oiitiiv  stHto.  iiolwillislnnilinn  (li<* 
marked  increase  in  the  nuiiilHT  of  days  workod  it)  Moiin«'  iimtity. 
The  average  number  of  days  w.irktH)  and  tlic  tmitilH»r  of  men  wu- 
ployed  during  the  |>ast  ten  years,  acciirdinn:  to  tlu'  Wh\  iiifoniiH- 
tion  Jivaiiable,  was  as  follows: 


laoo.. 


^■"j*;'«^«i'M- 

NUMnBR  Of 

A\8_WOBKBI>. 

23(1 

VH 

n.ms 

170 

9,9B.S 

IfW 

10.  WW 

178 

u.nn 

10,703 

21N 

lo.zsn 

23» 

10.2BH 

11,001 

223 

13.03a 

According  to  the  authority  of  the  riiiUfd  Htnt^>K  Ocologicfll 
Sur\'ey,  Iowa  ranked  ninth  in  tonnage  unrl  Hixtli  in  the  vnUu'  of 
coal  produced  for  liHM).  The  Um  h-tiding  \iTiH\acvn  i'oT  llmt 
rear  tabulated  in  the  order  of  their  iiri|H>rtiin<-4;  art  U)  iimnttfte 
were: 


IO'«%'»  iniTease  in  prodaf^ion  over  prerefhng  yftara  is  mai'le 
□MMTe  manifest  by  an  inapertion  of  the  i^)mparati^(>-  tab!^  heiow: 


Tx*a&|     ^niKTTOim. 


mat 

3,987,2S 

H.2S 

-*,9f»,93fl 

U.   S.  Cr.  s. 

MBS 

*,I5H,il7-4. 

1,20 

1           4,»t3,U)2       ^ 

a.  3.  r,.  s. 

OH 

3.35t,a28 

1,17 

1          *,fl2S,i)22 

U    S.  Tr.  s. 

«,aii,a85 

I.IJ 

aat 

•.siH.ac 

l.M 

1          .i,2fift,71« 

u.  S.  G.  s. 

ia» 

s.U7,-m 

1.24 

1          fl,.-W9,338 

u.  s,  r,,  s. 

1.37 

1          fi.377,46« 

[owa  Reol .  Sor. 

ion 

£fl82.0IS 

l.« 

1        s.aii.dnR 

I(MraG«ol    Soi-. 
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According  to  the  Tenth  Biennial  Report  of  the  State  Mine  In- 
spectors the  output  of  coal  for  the  year  ending  June  30,  1901,  was 
5,441,863  tons. 

CLAY. 

The  clay  production  for  1901  was  the  greatest  in  the  history  of 
the  state.  There  was  an  increase  in  both  price  and  production. 
The  returns  show  a  falling  oflf  in  the  number  of  producers, 
chiefly  small  concerns  using  the  loess  and  other  surface  clays. 
Several  large  factories  were  opened  during  the  year,  notably  at 
Boone  and  Lehigh,  and  several  others  have  made  the  necessary 
preparations  to  begin  active  operations  in  1902,  the  most  im- 
portant of  which  are  located  at  Des  Moines,  Iowa  Falls  and  Mar- 
shalltown.  As  yet  but  feeble  attempts  have  been  made  to  man- 
ufacture high  grade  and  ornamental  wares.  The  chief  staples 
are  common  brick  and  tile,  face  brick  and  paving  brick.  The 
potteiy  production  shows  a  falling  oflf  of  more  than  forty  per 
cent  over  the  preceding  year.  The  increase  in  paving  brick  both 
in  price  and  number  manufactured  is  gratifying  and  warrants  the 
hope  that  Iowa  may  again  regain  her  importance  as  a  producer 
in  that  line.  The  clay  goods  marketed  during  1901  were  dis- 
tributed as  follows: 


THOUSANDS. 


VALUF. 


Common  Brick 

Front  Brick  

Paving  Brick 

Hollow  Brick 

Ornamental  Brick. 

Fire  Brick 

Drain  Tile 

Sewer  Pipe 

Sidewalk  Blocks  . 

Hollow  Blocks 

Burnt  Clay  Ballast 

Pottery 

Miscellaneous  . . . . , 


Total 


254,432 

8,577 

22.530 

400 


1.651.926 

85.330 

227.378 

3.000 

2.229 

803 

516,714 

53.500 

1.570 

59.270 

101.500 

26.200 

14.780 


2,774,200 


The  most  important  increase  of  1901  over  1900  was  in  the 
manufacture  of  drain  tile,  an  increase  of  nearly  thirty-five  per 
cent  in  value.    The  increase  in  this  department  is  even  a  better 
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index  of  the  prosperous  condition  of  the  rural  jwpulation  than  is 
the  increase  in  the  production  of  common  brick  and  paving  brick, 
a  measure  of  the  thriftiness  of  the  urban  conmiunities.  The  price 
of  common  brick  did  not  change  materially  as  compared  with 
the  preceding  year,  the  average  being  about  $6.49  per  thousand 
as  compared  with  $6.47  for  190D.  Nearly  all  of  the  other  prod- 
ucts increased  in  price  and  the  amount  produced.  Clay  ballast 
dropped  from  nearly  $200,000  to  scarcely  more  than  half  the 
amount.  Hollow  building  blocks  are  rapidly  gaining  favor  both 
with  producer  and  consumer.  They  can  be  manufactured  more 
cheaply  than  ordinary  brick,  can  be  shipped  greater  distances  at 
the  same  expense  and  are  more  economical  to  put  in  the  wall,  aside 
from  possessing  certain  sanitary  advantages.  The  outlook  in 
this  field  is  especially  inviting. 

The  distribution  of  clay  products  by  counties  is  contained  in 
table  III,  herewith  appended : 

TABLE    III. 
CLAY  PRODUCTION  BY  COUNTIES  FOR  1901. 


COUNTIES. 


o2 


THOUSANDS. 


O 

O    . 

U 


VALUE. 


o   . 

0.0 


Adair 

Adams 

Appanoose  . 
Audubon ... 

Benton 

Black  Hawk 

Boone 

Bremer 

Bnena  Vista. 
Buchanan  . . . 

Butler 

Calhoun 

Carroll 

Cass 

Cedar  

Cerro  Gordo, 
Chickasaw  . . 
Cherokee  . . . 

Clarke 

Clayton 

Clinton 

Crawford  ... 
Dallas 


4 
4 
4 
2 
5 
3 
10 
3 
3 
1 
1 
4 
1 
5 
1 
3 
1 
1 
1 
5 
4 
2 
6 


1.250 
1.951 
1,875 
1,950 
1.675 
2,432 
4,904 
723 
550 


1,075 
2.039 
6,647 


1.960 
1.950 
1.400 
3,277 


1,300 
1,951 
2,375 
1,950 
1,775 
2,432 
5.854 
723 
550 


1.075 


2,039 

6]m 


1.962 
1.950 
1.420 
4.270 


8,000 
13.050 
12.650 
13,650 
10,638 
15.495 
35,050 
5,061 
4,400 


5,925 


14,412 
39i982 


11,080 
11,200 
10,500 
22,128 


8,500 
13,050 
17.650 
13,650 
11.638 
15,495 
44,675 
5,061 
4.400 


5.925 


14.412 
39.982 


11,116 
11,200 
10,720 
33.142 


8,700 
13.350 
17.650 
13,950 
16.528 
15,495 
50,275 

5,061 
22,467 


19.925 


14.412 
i62*,225 


11,626 
14.400 
10.720 
63.660 


*NoC  indading  fire  And  ornamental  brick. 
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TABLE  III— Continued. 

CLAY  PRODUCTION  BY  COUNTIES  FOR  1901. 


COUNTIES. 


o  S 

«>  S 

.Q'O 

S£ 


THOUSANDS. 


O 

Q 

a 

o 
U 


o 

.0 


IS  y 


v/ 

ILUE. 

a 

0    • 

• 

omm 
brick 

• 

5  « 

"5^  •- 

U 

H 

H 

Davis 

Decatur 

Delaware 

Des  MoiDes  . . . 

Dubuque 

Fayette 

Fremont 

Floyd 

Franklin  ...    . 

Greene 

Grundy 

Guthrie 

Hamilton 

Hardin 

Harrison 

Henry 

Howard , 

Humboldt 

Ida 

Iowa 

Jasper  

Jefferson 

Johnson  

Jones 

Keokuk  

Kossuth 

Lee 

Linn 

Louisa 

Madison 

Mahaska 

Marion 

Marshall 

Mills 

Monona 

Monroe 

Montgomery  . 
Muscatine  . . . 
O'Brien  .... 

Page 

Plymouth 

Pocahontas . . . 

Polk 

Pottawattamie 
Poweshiek  .. 

Ringgold 

Sac 

Scott 

Shelby 


•   •   •  a    •   • 


2 
4 
2 
5 
4 
4 
6 
2 
1 
1 
1 
5 
3 
5 
7 
5 
1 
1 
1 
4 
8 
4 
5 
2 
8 
1 
5 

10 
5 
1 
5 
4 
6 
4 
2 
2 
4 
8 
2 
3 
2 
1 

18 
9 
4 
3 
1 
6 
4 


222 
1,055 

700 
2,640 
5.800 
1,765 
2,310 

527 


2.141 
5.120 

820 
2,585 

870 


3,375 
3,600 
1,112 
2,250 
540 
1,790 


2,175 
5,950 
1,140 


4,657 

1,515 

3,775 

2,600 

370 

127 

5,490 

4.675 

550 

5,675 

1,100 


30,923 

11,000 

1,280 

2,200 


8,700 
1,930 


2>2 
1.055 

775 
3,865 
5,800 
2,265 
2,310 

527 


2,191 
5.120 
820 
2,585 
1,070 


3,375 
3,700 
1.112 
3,050 
690 
1,795 


2.225 
5.970 
1,140 


7.857 

1,615 

4,025 

2,600 

370 

127 

5,490 

4,675 

550 

5.675 

1.100 


$ 


42,923 

11.700 

1.280 

2,200 


8.700 
1,930 


1,597 

6,737 

4,500 

14.800 

34,150 

11.220 

13,300 

3,989 


15 , 792 
35.910 

5.220 
16,200 

5,520 


$ 


20,862 
22,450 

7,896 
13.500 

3,825 
11,860 


12,680 

37,108 

7,700 


33,932 

9,755 
23,200 
18,200 

2,665 

912 

38,430 

27,950 

3,000 
32,700 

6,600 


214,878 

66,425 

8,940 

14.038 


53,150 
13,150 


1,597 
6,737 
5,100 
26,030 
34,150 
15,220 
13,300 

3,98:^ 


16.192 
35,910 

5.220 
16,200 

6,930 


20,862 
23,300 

7.896 
18,300 

4,025 
11,965 


13,089 

37,248 

7,700 


66,332 
10.755 
25,200 
J8.200 

2.665 

912 

38.630 

27,950 

3,000 
32,700 

6,600 


$ 


345.778 

71,225 

8,940 

14,038 


53,150 
13,150 


1.597 

7,237 

5.100 

29,030 

34,150 

16,020 

13,300 

3,989 


30,606 
75,910 
47,970 
16,200 
15,330 


29.612 
27.150 
17,846 
25,600 
7,300 
30,215 


13,339 

43.428 

8.700 


73.132 
12.715 
36,450 
18.200 

2.665 

912 

39.190 

28.270 

3.035 
32.700 

6.600 


426.978 
71.350 
15,940 
14.038 


57.450 
13.360 


*Not  incladiog  lira  and  ornamental  brick. 
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TABLE   III—CONTINUBD. 
CLAY  PRODUCTION  BY  COUNTIES  FOR  1901 


THOUSANDS. 


COUNTIKS. 


VALUE, 


c  fe 


•3f 


"3  ^ 


Sionx 

Story 

Tama 

Taylor 

Union 

Van  Bnren 

Wapello •. . 

Washington   

Wayne 

Webster 

Winneshiek 

Woodbury 

Wright 

Single  producers  ( 16) 
Burnt  clay  ballast. . 

Pottery 

Estimates 


Total 349' 


2 

5- 
6 
4 
2 
4 
4; 
6 
5: 
7 
2 
6 
3 
I 
2 
7 
6 


1.425 

1.425 

$    9,875_ 

$    9.875 

1,408 

1,658 

11,354^ 

13,097 

4,800 

6.800 

31,000 

50,500 

1.382 

1.990 

13.112 

13.192 

2,330 

2.330 

16,310 

16.310 

675 

675 

4,375 

4,375 

8,491 

9.736 

52.874 

62,743 

3,971 

3.971 

23,875 

23,875 

1,515 

51,545 

10.390 

10.390 

14,600 

18.700 

88.675 

130.475 

900 

900 

4,950 

4,950 

31,532 

33.2  1 

204,840 

219,154 

75 

75 

675 

675 

8,616 

8.616 

56.259 

56.259 

1.500 

1,500 

10.500 

10.500 

254.432 

286.039 

$  1.651.926 

$  1.970.666 

1$ 


9.875 

30,193 

63,500 

13,192 

16.860 

5,375 

64,093 

29,175 

10.390 

201.075 

4,950 

227,154 

6,372 

132,241 

101.501 

26.200 

19,500 


$2,774,200 


*Not  tncloding  fire  and  ornamental  brick. 

During  the  three  years  preceding  1901  Iowa  ranked  eighth  as 
a  clay  producer  and  doubtless  lias  held  her  own  for  the  year  just 
closed.  In  1898  she  ranked  fourth  as  a  producer  of  vitrified  brick 
for  paving,  in  1899  she  dropj^ed  to  seventh  place  while  in  1900 
she  was  a  i)oor  ninth.  Paving  biick  have  shown  a  remarkable 
advance  in  price  i>er  thousand  during  the  last  three  years.  The 
prices  being  $6.81,  $8.73  and  $70.09  respectively  for  the  years 
1899, 1900  and  1901. 

The  table  apjjended  herewith  gives  the  ten  leading  clay  pro- 
ducer for  1900  according  to  the  figures  contained  in  the  Mineral 
Resources  for  1900. 
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RANK. 

,x„.. 

RBPORTINr.. 

v..„.. 

PRo^DucrForD*^. 

871 

508 
149 
569 
269 
567 
267 
358 
53 
101 

f  18,304.628 
13,301.748 
JO  92m  423 

7  7118,  H59 
7  «X)  606 
3  S5.S  350 
3  736  567 
2  -M  251 
2  1116  7AS 
1  H33  101 

2 

3 

Pennsvlvania 

New  Jersey 

13.92 
11  36 

5 

New  York 

7.96 
4.01 

9 
10 

West  Virginia... - 
Massachusetts  . . . 

2.10 
1.91 

STONE. 

Nearly  all  of  the  stone  juoducers  report  a  stronger  demand  for 
stone  for  1901  than  for  the  preceding  year.  The  figures  returned 
bear  out  their  statements  and  the  output  is  $796,852  for  1931 
against  $604,S8G  for  the  year  IDOO. 

The  production  was  distributed  as  follows: 

Lime>-tone  used  for  — 

Building-  purposes (261,160 

Flaffgingf  and  curbiug   18,095 

Rip-rap.  rubble,  etc  06,33,-. 

Made  into  lime  230.1S8 

Crushed  stone  for— 

Road  making  (Macadam,  etc.)   (J8,5SO 

Railriind  linllast  48,509 

Concrete,  etc 75,lHa 

Bridge  stone   9,B09 

Blast  furnace  flux    250 

Other  purposes   5,328 

Sandstone   13,n!)fl 

Total    $796,853 

The  production  of  lime  more  than  doubled  that  of  1900.  The 
classification  of  products  is  more  in  detail  than  heretofore  ob- 
served and  it  is  scarcely  possible  to  make  comparisons  of  the  in- 
dividual items.  Table  IV  gives  the  production  by  counties  and 
-  specifies  the  various  grades  of  stone  put  upon  the  market. 
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SANDSTONE  PRODUCTION  FOR  1901. 


COUNTIES 


•I    ■ 


be 
a 

2 
5 


^  fit 
0^ 


o 


Black  Hawk 

1 

S           14 

$          14 

$            28 

Clavton 

1               210 

178 
235 

*  •      •  •  •  •  • 

308 

388 

Clinton 

Payette 

Hancock 

2 
1 

1 
1 

454 

75 

689 

75 

308 

Jefferson 

125 

125 

Keokuk  

2  240 

3  ^2 

10 
252 

250 

Lee 

584 

Mahaska 

1 
3 

600 
9,450 

600 

Webster 

25 

9.475 

Total 

16 

$  11.500  i$    1,022 

$    12.522 

In  1900  Iowa  ranked  twenty-first  among  tlie  stone  producers 
and  nintli  as  a  producer  of  limestone.  The  production  of  the 
state  for  the  last  ten  years  is  given  in  tlie  table  herewith  ap])ended : 


YEAR . 


• 

• 

«> 

«> 

a 

a 

o 

o 

4-* 

** 

cn 

s 

73 

o 

a 

a 

« 

••■ 

CO 

J 

■4-1 

o 


1892. 

1893 

1894. 

1895. 

1896 

1897. 

1898. 

1899. 

1900. 

1901. 


$    25.000 

$  705,000 

18.347 

547,000 

11.639 

616,630 

5,575 

449,501 

12,351 

410,037 

14. /71 

480,572 

6,562 

557,024 

17,239 

792,685 

9,379 

595,507 

13.096 

783,756 

730,000 
565.347 
628.269 
455,076 
422.388 
495.343 
563.586 
809.924 
604,886 
796,852 


GYPSUM. 

The  year  1901  inoved  to  be  a  record  breaker  in  the  plaster  in- 
dustrj'  of  the  Fort  Dodge  district.  As  during  the  preceding  year 
seven  companies  were  in  operation.  During  a  i)ortion  of  the  year 
competition  between  the  various  companies  in  operation  was  ver>' 
sharp  and  the  price  fell  as  low  as  $3.50  per  ton  for  retarded  plaster, 
f .  o.  b.  Fort  Dodge.  Later  in  the  season  the  companies  succeeded  in 
adjusting  their  differences,  and  the  price  went  back  to  about 
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$5  per  ton.  Appoximately  seventy-five  per  cent  of  the  product  left 
the  mills  in  the  form  of  retarded  plaster  for  plaster  purposes,  while 
the  major  portion  of  the  balance  left  in  the  form  of  unretarded  cal- 
cined plaster,  a  considerable  portion  of  which  goes  to  the  mixers 
who  subsequently  mix  it  with  retarder  and  sand  for  plastering  pur- 
poses. A  small  per  cent  of  the  whole  is  used  without  retarder 
for  hard  coat  and  plaster  of  Paris  finish.  Doubtless  less  than  one 
per  cent  of  the  whole  product  produced  at  Fort  Dodge  is  used 
for  other  mechanical  purposes  than  plastering.  None  of  the  gyp- 
sum is  shipped  for  treatment  elsewhere.  A  small  portion  is  used 
as  a  base  in  the  manufacture  of  paint  by  the  Fort  Dodge  Paint 
Manufacturing  Company,  but  will  not  aflfect  the  total.  The  best 
information  at  hand  would  make  the  production  for  1901  125,000 
tons,  sold  at  an  average  of  $4.50  x>er  ton  f.  o.  b.  Fort  Dodge,  giv- 
ing a  total  value  of  $562,500. 

LEAD  AND  ZINC. 

The  production  of  zinc  in  the  Dubuque  region  has  been  reduced 
to  inconsiderable  proportions.  This  has  been  brought  about 
largely  by  the  sharp  decline  in  the  price  of  zinc,  and  to  a  less  ex- 
tent through  the  exhaustion  of  the  ore  bodies  in  sight.  The  weak 
demand  and  low  price  have  held  out  no  inducements  toward  the 
active  prospecting  and  development  of  new  properties  a^  in  the 
years  1898  and  1899.  Ore  was  sold  during  the  year  at  a  price 
which  would  not  cover  the  cost  of  production,  let  alone  yielding 
a  reasonable  return  to  the  oi)erator.  The  entire  output  for  the 
Iowa  field  scarcely  reached  350  tons,  principally  carbonate,  **dry 
bone,"  and  sold  at  an  average  of  $7.70  per  ton.  The  most  select 
stock  sold  for  $12  per  ton,  yielding  fair  returns  to  the  labor  and 
capital  employed,  while  certain  low  grade  ores  were  disposed  of 
at  $5  per  ton,  entailing  a  considerable  loss  to  those  concerned. 
Almost  the  entire  output  was  shipped  to  Mineral  Point,  Wiscon- 
sin. LaSalle,  Illinois,  may  be  considered  as  a  competing  market, 
but  rarely  affords  active  competition.  The  two  largest  com- 
panies remained  practically  closed  or  were  only  worked  in  a 
desultory  way  on  account  of  legal  complications. 

The  Alpine  Zinc  Company  has  abandoned  their  old  workings, 
at  least  temporarily,  on  account  of  water,  but  have  sunk  a  new 
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shaft  on  the  same  vein  sevenil  hundnnl  ynnls  to  Wms  \\\^\\\^\\\y 
which  promises  well.  A  gootl  body  of  h\g]\  ^Jtnuio  oiv  is*  \\\  Might 
and  will  be  marketed  as  soon  as  tho  prioo  wnrrantH, 

The  zinc  industry  in  tlie  Dubuquo  ivgion  k'voh  littlo  |UHMui«^i 
for  the  future  unless  prices  strengtht^n  matorinlly,  T\w  plnut  of 
the  Dubuque  Ore  Concentrating  ('oinpany  lay  idio  during  \\\^ 
year  because  of  the  intermittent  and  inHufllcMt^ut  niipply  of  i^vwiUi 
ore  and  the  general  decadence  of  the  induntry. 

The  falling  off  in  the  demand  for  zinc  liiiH  not  inutyiJrtlly  af 
fected  the  demand  for  lead.    Mont  of  the  onorgy  and  <*Hpit»l  for 
merly  occupied  in  the  development  of  zinc  pro|HM'liMtt  In  now  dM 
voted  to  the  opening  of  lead  propc*rti(»M.     ProHpt^rling  )i««  \mtiH 
vigorously  prosecuted  during  tJu*  piwt  y<*ar,  and  ^avuvnl  I'U'U 
bodies  of  **minerar'  have  Innm  brought  U^  liglit,     '1'Im*  tUmmwl 
niled  firm  and  the  price  steady  throughout  tlwt  yimr  iind  Ibo^ 
empkyed  in  the  production  of  lea/1  om  Wi*i'i*  at  An  Ut  ^Hnim  t^inni 
letums  for  their  labor  and  capital.    l^nudUtaliy  all  tlM^  oytt  ^nn 
doeed  was  galena  and  all  of  it  wai«  ¥4M  Up  i\u*  U^'n\  ^uuAi^rf  //w^m^I 
and  ofjerated  by  Wm-  O.  Wattf^ri*  of  i>ubui<|ux^    'I'Im^  *fr^  ts^uMiM 
daring  the  year  amounte^rl  t/>  a  uuWum  atui  a  lisaif  fM^uf^h,  {H^r 
chased  at  an  avera^  \m*^  of  ^Si  fM^r  tlx</u)barjy<i  ^MmfMh  H4^i  ^'Wuu 
ing  njj  an  av^ra^  of  I'l  iMfr  <i^ut  U^^L 

The  prodwr^OD  of  zytMi  ai*d  ka/^l  for  l/ywa  jjul¥>   \^  fi^'^;Jif.u 
laled  brkflv  ai*  foiloTTj^: 

Zint,  IfOlJ  tODt^ «  ii.'TW 

liead.  OUD.OUU  n>^ J  ;;,i»\A) 

Lead  mnelUtd  by  Wm.  <i.  V\'4ctu*)>'  *sui<^K*^f  va^  «;viiitiLiiuUKi  by 
tiie  following  trtatet^ : 


M*l»H  Ufc 

\A.Ml*ii/>'J 

Juwti 

<#t/i'.<i<A' 

Ati^^'jW' 

IHiiiui»>    

■    .      .  .  • 

.    'ii/t'.tA/i 

i*.J</» 

\ViM.*orM*iii    ... 

.    .    .                  ... 

,;(/<  .iA^' 

';.<»o« 

T«ii«l 

.II«W  ««. 

:,;»</<  .MU< 

J^■J•;  ^ix 

Since  I'WfH  Jowa  lla^  <nnvjiHV*?i!t«.^    infiti  i<«?^   j/ijtoilioi    ti    ti**  cO. 
nmn  of  iron  ore  )mHlu<:?^?i>.    if    3^WV*  ti^^-  inii)Hr  wa^  '/it.'»   tstit^ 
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tons,  which  was  almost  quadrupled  for  19J1.  In  view  of  the  ex- 
tensive improvements  recently  made  for  mining  and  handling  the 
ore  tlie  opportunity  is  taken  of  dealing  with  the  subject  in  some 
detail.  Practically  all  of  the  ore  thus  far  produced  has  been 
shipped  to  Milwaukee  and  used  in  furnace  mixtures. 

The  principal  ore  body,  and  the  only  one,  up  to  this  time,  which 
has  been  developed,  is  known  as  Iron  Hill  and  is  situated  about 
three  miles  northeast  of  the  town  of  Waukon,  the  county  seat  of 
Allau)akee  county.  Iron  Hill  is  the  highest  ix)int  in  the  county 
and  forms  the  divide  between  Village  creek  and  the  Oneota  river. 
The  summit  of  the  ridge  readies  some  200  feet  above 
the  water  of  the  creek.  The  hill  trends  east  and  west,  has  an  area 
of  more  than  half  a  square  mile  and  is  crowned  by  the  ore  beds 
which  extend  farthest  down  the  south  slope.  The  lowest  level  as- 
certained, where  the  beds  appear  to  be  in  place,  is  about  fiftj^  feet 
above  Village  creek.  Detached  bowlders  and  fragments  of  ore 
are  encountered  in  prosi)ect  holes  at  much  lower  levels.  The  hill 
has  been  exploited  thoroughly  by  sinking  numerous  test  pits 
and  the  ore  body  is  reported  to  attain  a  maximum  thickness  of 
135  feet.  The  test  pit  records  show  that  the  underlying  limestone 
forms  an  almost  level  floor,  slightly  dii)ping  towards  Village 
creek.  The  major  iK)rtion  of  the  ore  body  rests  upon  a  Galena- 
Trenton  base,  though  an  inconsiderable  portion  appears  to  ex- 
tend down  to  the  Saint  Peter  sandstone,  |)robably  brought  about 
through  '^creej)"  produced  by  the  undercutting  of  the  creek. 

The  ore  is  concretionary,  the  concretions  varying  in  size  from 
a  fraction  of  an  inch  to  aggregations  several  feet  in  diameter,  and 
are  imbedded  in  an  ochreous  clay  matrix.  While  some  of  the 
concretions  contain  stained  clay  cores,  many  are  hollow  and  the 
beds  when  viewed  en  masse  present  a  strikingly  cavernous  appear- 
ance. The  caverns  vary  in  size  from  one  to  a  few  inches  and  pos- 
sess the  spheroidal  shapes  usual  to  nodular  structures.  Irregular 
caverns  of  larger  size  are  not  uncommon.  Scattered  throughout 
the  01  e  body  are  occasional  chert  or  flint  nodules,  sometimes  oc- 
curring singly,  at  other  times  in  aggregation  masses  of  consider- 
able extent.  In  the  latter  the  individual  cherts  are  cemented  to- 
gether by  the  hydrated  oxide  of  iron,  which  often  includes  a  lib- 
eral admixture  of  water  worn  quartz  grains,  varying  from  sand 
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to  pebbles  of  half  an  inch  in  diameter.  The  conglomeratic  l>owl- 
ders  are  more  frequent  at  certain  levels  ^han  others  but  apjiear 
to  have  no  definite  limits.  Thev  are  often  closelv  associated  witli 
the  richest  ore  bodies. 

Fractures  and  joint  planes  are  not  prominent  features  and 
when  they  occur  may  be  attributed  usually  to  the  present  tojxig' 
raphy  and  are  supposedly  due  to  creep. 

The  principal  ore  present  appears  to  be  the  hydrated  sesqui- 
oxide  or  iron  or  limonite,  somewhat  siliceous,  as  is  shown  by  the 
analysis  herewith  appended  :* 


Metallic  Iron 

S4.32i  58.54 
!    4.00 

54.79   57.75=  56.35 

Silica  and  insolnble 

Wa-er 

5-12     3.26     4.13 
11.92    10.92    11-42 

Phosphoric  Add 

Lime 

0.13 

0.13     0  72     0  32 

Mag^nesa 

Tr.  1 ! 

Alumina 

Tr.      0.25 

^^ng^anese  Oxide 

•  . 

Tr.  1    0.20' 

Sulphur 

.  Nonf 

1 

Aside  from  the  limonite  the  ore  api>ears  to  Ix*  in  j>art  hema- 
titic.  This  is  shown  by  the  analyses  of  certain  sele<*ted  saifJiiles 
which  gave  nearly  67  i>er  cent  iron-  Pure  limonite  contains  only 
59.8  i>er  cent  iron  while  hematite  niay  reach  70  j>er  cent  when 
pure.  The  phosphorus  jjercentage  shows  considerable  variability, 
doubtless  owing  in  part  to  the  method  of  samj>ling.  The  sam- 
ples showing  the  largest  amount  were  taken  from  single  c^oncre 
tions  and  cannot  be  considered  to  fairly  rej^resent  the  general 
ore  body.  Analyses  made  for  the  purjK^se  of  grading  the  ore 
placed  on  the  market  show  the  phosphorus  constituent  well  within 
the  danger  limit,  rarely  exceeding  OA^J  for  pure  i^ljoKjihoruH. 
Similar  variations  may  be  noted  in  the  sulphur  content.  TJie 
suli^ur  present  is  doubtless  in  the  form  of  the  pyrite  and  is  not 
often  detected. 

Professar  Cahnn  In  his  memoir  on  AUamakc^:?  <*/juntv  deiuon- 
strates  oonclusivelv  that  the  ore  Ijeds  cannot  l>e  ar/^AJunU'd  for 
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m  dii|>licatc  were  made  by  Mr.  F.  M .  Weakley,  of  tbe  dtjv^rtmeut  of  M«oioy  Knyiuser- 
fampleof  the  oie.  wbicb  ^ave:  I^L^eph^rat.  c.oioe  per  ceot  aud  M<i 't;aoe»e  &.  ^S 
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through  secular  decay  and  concentration  in  place  of  the  iron  con- 
stituent contained  by  the  rocks,  but  that  some  secondary  process 
of  concentration  must  be  taken  into  account  A  single 
argument  put  forward  by  him  is  sufficient  to  render  im- 
possible any  in  situ  explanation.  He  states  that  a  lib- 
eral estimate  of  the  stratified  rocks  removed  from  the  district 
would  not  exceed  1,000  feet,  and  granting  the  presence  of  one  per 
cent  of  iron  on  the  average,  and  no  loss  during  the  process  of 
degradation,  the  maximiun  thickness  of  the  ore  residuum  could 
not  exceed  ten  feet,  an  amount  less  than  one-tenth  of  the  actual 
thickness  reported.  His  conclusion  is  that  the  ore  beds  were  ac- 
ciunulated  through  the  well  known  processes  of  decaying  organic 
matter  and  circulating  water,  generally  known  as  the  **bog  iron 
ore"  process.  While  the  **bog  iron  ore  theory"  explains  the 
greater  portion  of  the  deposit,  the  presence  of  the  irregularly 
arranged  siliceous  concretions,  and  the  water  worn  quartz  peb- 
bles, render  obvious  the  complexity  of  the  conditions  which  pre- 
vailed during  the  time  of  accumulation. 

Some  years  since,  the  Waukon  Iron  Company  was  organized 
to  exploit  Iron  Hill  and  if  circumstances  proved  favorable  to 
mine  and  ship  ore.  The  chief  organizers  and  owners  live  in  the 
county.  The  first  serious  attempt  to  develop  the  property  was 
during  the  season  of  1899.  Early  in  1901  a  complete  modern 
ore  washing  plant  was  installed  and  put  into  operation. 

The  beds  are  easily  worked.  As  there  is  almost  no  stripping 
the  open  pit  method  is  adopted.  The  usual  practice  is  to  break 
up  the  ore  by  the  use  of  heavy  charges  of  black  powder.  The 
larger  bowlder  concretions  are  further  reduced  by  breaking  with 
dynamite.  The  ore  is  loaded  by  hand  into  two-ton,  home  made 
wooden  ore  cars  and  hauled  by  horses  to  the  washer.  A  double 
track  leads  from  the  pit  to  the  washer,  the  grade  favoring  the 
loaded  car. 

The  plant  is  conveniently  located  at  the  head  of  a  ravine  which 
leads  down  to  Village  creek,  and  is  equipped  with  a  McClanahan- 
Stone  outfit  complete,  manufactured  by  the  McClanahan-Stone 
Machine  Company  of  Hollidaysburg,  Penn.  The  ore  from  the 
car  is  dumped  into  a  hopper  which  leads  to  a  single  roll  crusher. 
The  crushed  ore  passes  directly  into  a  single  twenty-five  foot  log 
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washer,  consisting  of  steel  shaft  armed  wiUi  steel  blades  rigidly 
bolted  to  the  shaft  Here  water  is  admitted  at  the  rate  of  300 
gallons  per  minute  when  the  plant  is  operated  at  its  full  capacity. 
The  ore  from  the  log  enters  a  standard  McClanahan-Stone  dou- 
ble shell  screen.  Arrangements  are  made  so  that  an  additional 
fifty  gallons  of  water  per  minute  may  be  introduced  here  if 
deeired.  The  screenings  fall  directly  into  an  inclined  trough, 
leading  to  a  sluice  box  which  carries  the  waste  down  the  gully. 
The  washed  ore  is  caught  by  a  steel  pan  conveyor  which  car- 
ries the  ore  to  the  storage  bins.  The  chert  nodules  and  other 
impurities  are  removed  by  hand  as  the  ore  passes  over  this  belt. 
An  overflow  bin  has  been  provided  some  distance  from  the  plant 
and  is  connected  by  an  elevated  cable  conveyor.  The  capacity 
of  the  plant  is  300  tons  per  ten  hour  shift  Power  is  supplied 
by  a  Fairbanks-Morse  100-horse  tx>wer  boiler  and  a 
Frost  slide  valve  engine  of  eighty-five  indicated  horse  power. 
Water   is    obtained    from    a   well     500    feet    in  depth  on  the 


premises.  A  constant  supply  is  maintained  by  the  use  of  an  ojieii 
storage  resen'oir  of  12,000  barrels  capacitj'.  The  machinery  thus 
far  installed  is  thoroughly  modem,  well  housed,  and  wl-II  kept. 
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Iron  Hill  cannot  take  rank  as  an  iron  producer  until  better 
transportation  facilities  are  provided.  The  Waukon  branch  of 
the  Chicago,  Milwaukee  &  Saint  Paul  Railway  ends  some  three 
miles  distant  as  the  crow  flies,  but  according  to  recent  surveys 
would  require  an  actual  extension  of  some  five  miles  to  bring  the 
plant  into  connection.  A  water  grade  can  be  secured  down  Village 
creek  to  the  Mississippi  river,  but  in  this  case  a  new  line  of  rail- 
way from  fifteen  to  eighteen  miles  in  length  would  be  required. 
At  the  present  time  it  is  difiicult  to  say  which  would  be  the  more 
practicable  route.  The  concensus  of  oi)inion  slightly  favors  Vil- 
lage creek  as  it  is  the  most  direct  to  navigable  water.  The  in- 
dustry can  scarcely  be  said  to  be  more  than  initiated.  The  out- 
put for  the  past  year  represents  the  plant  running  at  its  full  ca- 
pacity for  less  than  twenty  days.  This  state  of  affairs  was  due 
almost  wholly  to  bad  shipping  facilities,  the  cost  of  transferring 
the  ore  from  the  washer  to  the  car  being  fifty  cents  per  ton,  an 
amount  greater  than  is  paid  for  transporting  Lake  Superior  ore 
from  Duluth  to  Cleveland  and  other  lake  ports. 

The  ore  would  yield  readily  to  the  steam  shovel,  which  would 
be  more  independent  of  weather  and  labor  difficulties.  Some 
form  of  rope  haulage  would  effect  a  saving  wortliy  of  considera- 
tion.    At  present  two  horses  and  two  drivers  are  required. 

It  is  estimated  that  about  30  per  cent  of  the  material  as  it  comes 
from  the  pit  passes  through  the  screen,  of  which  the  larger  por- 
tion is  a  ferruginous  clay.  With  the  clay  a  considerable  percent- 
age of  fine  ore  also  escapes.  No  attemi>t  is  made  to  recover  this 
ore.  Such  recoveiy  might  be  effected  readily  by  fxassing  the 
screenings  through  a  jig.  The  clay  itself  could  be  caught  in  set- 
tling basins,  and  used  in  the  manufacture  of  brick,  thus  utilizing 
the  products  of  Iron  Hill  to  their  fullest  extent  and  adding  no 
mean  sum  to  the  profits  of  the  business. 

The  visible  ore  body  on  Iron  Hill  has  a  sui)erficial  area  approx 
imating  300  acres,  and  a  maximum  thickness  reported  to  be  135 
feet.  The  average  specific  gravity  of  limonite  as  it  ordinarily 
runs  is  3.75,  but  owing  to  the  cavernous  character  of  the  beds  in 
question,  3  may  be  assumed  as  a  safe  factor,  and  if  seventy  per 
cent  of  the  deposits  is  marketable,  the  ore  would  run  about  3,090 
tons  per  foot  i^er  acre.  If  the  further  assumption  be  made  that  the 
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beds  will  average  forty  feet  iu  thickness,  the  tonnage  would  be 
120,000  tons  per  acre  or  36,000,000  tons  for  the  entire  deposit. 
Or  to  be  still  more  conservative  and  assume  the  average  thick- 
ness to  be  twenty  feet  and  reduce  the  acreage  to  200  acres,  the  ■ 
other  factors  remaining  the  same,  tlie  vailable  merchantable  ore 
in  sight  would  be  12,000,000  tons,  an  amount  worthy  of  re- 
spectful consideration. 

Several  other  ore  bodies,  similar  in  occurrence  and  association, 
but  raucli  less  important  are  known  to  exist  in  Allamakee  county, 
but  as  yet  have  not  been  thoroughly  explored. 
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INTRODUCTION. 

LOCATION  AND  AREA. 

Webster  county  is  somewhat  north  and  west  of  the  center  of  the 
state.  Four  counties  lie  between  it  and  the  Missouri  river  while 
three  separate  it  from  the  Minnesota  boundary.  The  county  in- 
cludes twenty  townships  of  thirty-six  square  miles  each,  two  of 
which  are  subdivided  for  the  purposes  of  local  government,  so 
that  twenty-two  townships  are  named  on  the  map.  The  second 
correction  line  passes  between  townships  98  and  99  north,  and 
throws  the  northern  part  of  the  county  two  miles  to  the  west, 
breaking  its  otherwise  regular  outline.  Humboldt  county  bounds 
it  on  the  north,  Wright  and  Hamilton  on  the  east,  Boone  and 
Greene  on  the  south  and  Calhoun  and  Pocahontas  on  the  west. 
Its  location  on  the  Des  Moines  river  was  more  significant  in 
earlier  days  when  greater  dependence  was  placed  upon  water  for 
power  and  transportation,  yet  the  beauty  of  the  finely  wooded 
valley  is  a  constant  source  of  satisfaction  to  the  inhabitants  of 
the  region.  It  lies  in  the  center  of  a  great  agricultural  region  of 
which  every  county  in  Iowa  forms  a  part. 

PREVIOUS  GEOLOGICAL  WORK. 

Some  of  the  earliest  geological  work  undertaken  in  the  state 
was  carried  on  in  Webster  count}^  The  Des  Moines  river  exposes 
along  its  banks  the  indurated  beds,  and  gives  at  times  sections 
of  rock  and  drift  200  feet  in  thickness.  These  greatly  facilitate 
geological  study.  The  unique  deposit  of  gypsum  is  attractive  to 
the  student  on  account  of  the  theoretical  problems  that  it  pre- 
sents, and  to  others  it  is  interesting  on  account  of  its  practical 
value. 

In  the  year  1849  Owen*  made  a  hurried  trip  up  the  Des  Moines 
river,  noticed  the  gypsum  in  Webster  county  and  made  certain 
dednctions  in  regard  to  its  age.    In  1856  Worthenf  visited  the 

•  Geology  of  Wis. .  lowt  and  Minn.,  p.  126,  Philadelphia,  1852. 
t  Gcoiocy  of  lown.  Vol.  I,  p.  177.    i8>8. 
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region  and  came  to  the  conclusion  that  the  gypsum  does  not  lie 
conformably  on  the  Coal  Measures.  Hall*  in  1858  and  McGeef 
in  1884  considered  the  stratigraphic  relationship  and  age  of  the 
gypsum.  Webster  countj^  was  included  in  the  geological  studies 
of  C.  A.  White  and  references  to  its  coal  and  gypsum  are  made 
in  his  annual  reports  of  ISGSand  1870. |  In  these  reports  White 
pointed  out  the  great  value  of  the  Webster  county  gypsum,  and 
urged  that  it  be  developed  so  that  the  state  might  furnish  the 
stucco  and  land  plaster  used  within  its  borders.  His  judgment 
of  the  worth  and  extent  of  the  gypsum  has  been  verified,  with 
but  one  exception.  It  has  failed  to  meet  his  expectation  as  a 
building  stone.  White  also  called  attention  to  deposits  of  celes- 
tine  along  the  Des  Moines  river  and  at  the  mouth  of  Soldier  creek, 
and  gave  a  description  of  the  mineral  as  it  occurs  at  these  points. 
In  1880  Upham  studied  the  inner  Wisconsin  moraine  known 
as  the  Gary,  and  called  attention  to  a  morainic  tract  between  Fort 
Dodge  and  Tara,  which  he  thought  might  be  associated  with  this 
moraine. 

Keyes§  reported  quite  fully  on  the  gypsum  area  in  1893.  He 
outlined  the  position  and  extent  of  the  deposit,  considered  its 
stratigraphic  relationships  and  stated  clearly  the  conditions  under 
which  in  all  probability  it  was  formed.  He  emphasized  the  eco- 
nomic value  of  the  g}'ijsuui  and  described  the  methods  of  quarry- 
ing and  milling  at  that  time  in  use.  In  the  i)receding  year  the 
coal  deposits  of  Webster  county  were  considered*!  in  connection 
with  those  of  other  parts  of  the  state.  The  report  included  analy- 
ses of  a  number  of  sami)les  of  coal  obtained  in  the  vicinity  of 
Fort  Dodge. 

Arthur  C.  Spencer,  in  a  paper  i)resented  to  the  Iowa  Academy 
of  Sciences,  described  the  crystals  of  g>"psum  common  about 
Fort  Dodge.** 

*  Geology  of  Iowa,  Vol.  I,  p    14^.     i8e8. 

t  Tenth  U.  S.  Census,  Vol.  X  ,  Building  Stones,  p.  258,  WasbiDgton.     1884, 
;  First  Ann.  Rept.  State  Geologist,  pp.  26-27,   1868;  2d  Ann.  Rept. ,   pp    135-140,   1868.     GeologT 
of  lows,  Vol.  II,  pp   293  and  PP  «54-2S6.     Analyses  of  Fort  Dodge  coal  are  given  on  pages  375-376. 
i|  Ann.  Rept.  State  Geologist,  Minnesota,  p.  305,  1880 
SIowaGeol.  Surv. ,  Ann.  Rept.,  Vol.  Ill,  1893,  pp.  259-304. 
li  Iowa  Geo!.  Sur?. ,  Vol.  II,  pp.  197-210.   189a. 
♦♦Proc.  Iowa  Acad.  Sci  ,  Vol.  II,  pp.  143-145.  1894. 
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PHYSIOGRAPHY. 

TOPOGRAPHV, 

Webster  county  lies  wholly  within  the  area  that  was  covered 
by  the  last  great  ice  invasion,  and  the  drift  of  this  ice  sheet,  called 
the  Wisconsin,  forms  ahnost  everywhere  the  surface  material. 
Limited  areas  covered  by  glacial  material  tliat  has  boon  recently 
reworked  by  streams,  or  by  dctiitus  formed  by  the  very  recent 
weathering  of  cliifs  along  streams,  are  the  only  regions  not  drift 
covered.  So  recently  was  this  drift  deposited  that  erosion  has 
but  slightly  contributed  to  the  topographic  features  of  tlie  county. 
Only  in  the  immediate  vicinity  of  the  Des  Moines  river  and  its 
tributaries  are  the  results  of  water  action  apparent.  Viewed 
from  the  valleys  of  the  streams,  the  landscape  seems  extremely 
rugged,  and  it  is  a  matter  of  constant  surprise  that,  in  a  region 
so  typically  prairie,  scenery  so  beautiful  abounds.  The  sides  of 
the  valley  are  steeji  and  well  wooded  from  top  to  bottom.  After 
ascending  the  sharp  slope,  however,  the  climber  finds  himself 
at  once  on  the  level  i>rairie  where  often  for  miles  he  can  see  the 
stream  as  it  flows  through  its  V-shaped  valley. 

The  following  table  of  elevations  indicates  for  the  country  a 
very  uniform  surface,  with  a  slight  sloi>e  toward  the  south: 


„... 

AUTHORITY. 

„„„,.». 

?S---;:"V-:.-T--v.v.:-.--::-v;.:::::;;;:- 

C,  R.    .&P.  R.  R 

1.146 

iiii 

as?r!'!::.v:;v-;;;;;;;;-;;;;;  ■::■::  :--■:■::::. 

1.031 

Dijton        

(,,  iN    W   Rr 

lU) 

All  of  the  elevations  cited  give  the  upland  level  at  the  point 
named  except  at  Fort  Dodge  and  Dayton.  The  Illinois  Central 
station  at  Fort  Dodge  is  part  way  down  the  Des  Moines  river 
sloiw,  while  the  Cliieago  &  Northwestern  station  at  Dayton  is  in 
the  valley  of  Skiller  creek-  Barometric  obsi-rvations  show 
the  upland  level  at  these  points  is  about  1,140  tVet, 
sponds  with  the  level  of  the  rest  of  the  county 
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Clare,  the  highest  town  in  the  county,  is  due  to  morainic  condi- 
tions. 

The  southern  half  of  the  county  presents  a  typical  Wisconsin 
drift  plain  and  includes  areas  that  are  remarkably  level.  From 
an  elevation  of  only  a  few  feet  the  country  may  be  seen  for  miles 
in  all  directions.  Clay  and  southern  Elkhom  townships  form 
such*a  great  level  tract.  One  exception  to  the  otherwise  level  sur- 
face of  this  portion  of  the  county  must  be  noted.  Three  miles 
east  of  Gowrie,  in  the  northeast  corner  of  section  9,  Lost  Grove 
township,  is  Coon  Mound.  Its  height  is  fifty  feet  and  the  dimen- 
sions of  its  base  are  about  500  by  300  feet,  the  longer 
axis  extending  north  and  south.  It  rises  abruptly  from  the  prai- 
rie and  stands  alone,  save  for  a  few  low  ridges  to  the  west.  The 
little  school  house  on  its  summit  is  a  conspicuous  object  for  miles 
around. 

The  surface  features  of  the  northwestern  part  of  the  county 
differ  somewhat  from  those  of  the  southern  half.  Hills  and  ridges 
are  common  which  cannot  be  associated  with  erosive  agencies 
that  generally  give  rise  to  such  topographic  features.  These  hills 
and  ridges  may  roughly  be  grouped  in  two  series,  both  extending 
east  and  west,  about  three  miles  apart.  One  follows  the  northern 
countv  line  and  includes  the  northern  sections  of  Jackson  and 
Deer  Creek  townships,  and  crosses  the  river  into  Badger  town- 
ship. Its  average  width  is  two  miles.  Within  this  broken  region 
are  level  stretches  of  considerable  extent.  In  years  past  one  of 
these  was  flooded  and  bore  the  name  of  Bass  lake,  the  depth  of 
which  is  said  to  have  been  four  feet.  In  1890  Bass  lake  was 
drained  into  Bass  creek  by  a  ditch  four  feet  deep.  At  present 
the  area  that  it  once  covered  is  wholly  under  cultivation.  The 
other  series  of  hills  and  ridges  extends  across  northern  Douglas 
township,  north  of  Lizard  creek,  with  occasional  outliers  farther 
south  across  the  creek.  This  series  appears  again  across  the  river 
in  section  19,  Badger  township.  The  Ainsworth  home  and  farm 
buildings,  in  section  11,  Douglas  township,  are  on  the  crest  of 
one  of  the  ridges  in  this  belt. 

The  valley  of  the  Des  Moines  river  is  the  most  interesting 
topographic  feature  that  the  county  presents.  Throughout  its 
course  within  the  county  the  river  has  cut  through  the  drift  and 
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indnrated  rocks  to  a  depth  varying  from  150  to  200  feet.  West 
of  Badger,  from  the  prairie  at  the  top  of  the  river  bluffs  to  water 
level,  the  descent  is  140  feet.  At  Fort  Dodge  the  upland  level 
is  reached  at  the  Mason  City  and  Fort  Dodge  railway  station. 
The  river  lies  three-fourths  of  a  mile  to  tlie  west  and  185  feet 
below  this  point.  Across  the  river  the  bluffs  rise  again  sharply  to 
the  prairie  level,  the  ascent  of  nearly  200  feet  being  made  within 
250  yards.  At  Blandon's  mill,  three  miles  below  Fort  Dodge, 
the  valley  is  165  feet  deep,  at  Coalville  175  feet,  and  at  Lehigli, 
the  water  is  190  feet  below  the  upland  plain. 

High  np  in  the  valley,  125  feet  above  the  water,  a  pronounced 
gravel  terrace  frequently  appears.  Round  Prairie  at  Fort  Dodge, 
on  which  the  fair  grounds  were  located,  is  a  part  of  this  terrace, 
which  is  here  unusually  wide.  It  is  well  develo[:ed  south  of 
West  Fort  Dodge.  In  width  it  varies  from  twenty  to  200  yards. 
Below  this,  sixty  feet  above  the  water,  fragments  of  an  alluvial 
terrace  are  frequently  found,  commonly  called  the  second  bench. 
The  alluvia!  bottom  lands  are  seldom  more  than  300  yards  wide. 
The  broadest  point  in  the  Des  Moines  river  valley  is  at  the  mouth 
of  the  Boone  river,  where  the  width  of  a  mile  is  attained.  Stand- 
ing in  the  center  of  the  alluvial  plain  at  this  point  is  a  very  sym- 
metrical hill  of  circumdenudation  fifty  feet  high  and  400  feet 
broad. 

At  many  points  the  river  is  vigorously  attacking  the  base  of 
the  hluflfs.  Landslides  result  in  which  at  times  considerable 
quantities  of  material  are  involved.  Where  landslides  have  re- 
cently occurred  the  upper  bluffs  are  so  steep  that  they  can  scarce- 
ly be  climbed. 

In  their  upper  courses  the  tributaries  of  the  Des  Moines  in  Web- 
ster county  have  not  cut  through  tlie  drift  and  commonly 
have  very  indifferent  valleys.  Generally  rising  in  a  slough,  they 
follow  for  some  miles  the  natural  inequalities  of  the  surface, 
adapting  themselves  to  existing  conditions  rather  than  as  yet 
materially  altering  them.  Near  the  river  the  creeks  have  cut  in- 
to the  indurated  rocks  and  the  lower  portions  of  their  valleys 
appear  more  mature.  A  soft  Carboniferous  sandstone  underlies, 
the  drift  in  the  southern  part  of  tiie  county,  and  through 
Prairie  creek  has  cut  to  a  depth  of  sixty  feet.    Mural  eacarpmeni 
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thirty  and  forty  feet  high  and  miniature  gorges  and  canyons 
are  common.  These  conditions  account  for  Wild  Cat's  cave  in 
section  11,  Pleasant  Valley  township.  Often  covered  with  mosses, 
ferns  and  lichens,  the  walls  of  these  canyons  are  most  pictur- 
esque. 

Lizard  creek  flows  through  a  valley  of  more  matupty  than  any 
other  of  the  tributaries  of  the  Des  Moines  within  tlie  county.  Of 
the  two  branches,  the  North  Lizard  is  the  major  stream.  Badger, 
Deer,  Brushy  and  Ski  Her  creeks  are  confined  within  shaqj 
ravines  in  the  drift,  till  they  near  the  river,  where  for  one  or  two 
miles  they  have  cut  through  the  indurated  rock  to  a  depth  of 
ten  or  fifteen  feet. 


i  Hi.  2.    bLcub  of  Webster  Cwuaiy  which  shows  the  immature 

state  of  drainage. 


DRAINAGE. 


The  entire  county  is  drained  by  the  Des  Moines  river  and  its 
tributaries.  Most  of  the  bran(*hes  rise  within  or  barely  outside 
of  the    county  and    while    still    within    its    limits    unite    with 
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the  parent  stream.  Lizard,  Soldier,  Deer,  Holaday,  Brushy, 
Skiller  and  Prairie  creeks  answer  this  description.  East  and  West 
Buttrick  creeks,  which  drain  four  townships  in  the  southwest- 
em  comer  of  the  county,  contribute  their  waters  to  the  Raccoon 


Fig.  3.    Sketch  of  Ringgold  coaoty  which  brings  cut  the  matarity 

of  its  drainage. 

which  they  meet  in  (rre<*ne  county.  Tlie  drainage  system  is  not 
elaborate.  None  of  the  creeks  in  the  county  are  i>erennial  far- 
tlier  tlian  a  mile  from  their  mouths.  The  creeks  have  no  well  de- 
veloped subordinate  feeders,  and  large  stretches  of  countiy  are 
dei>endent  on  artificial  drainage.  The  contrast  that  Webster 
county  presents  in  tiiis  i>articular  with  ceilain  other  ]»aits  of 
the  state  is  made  ]ilain  by  a  mai>  drawn  on  a  scale  as  limited  as 
that  of  the  Kailroad  Commissioners.  The  accompanying  sketches 
which  reproiluce  Ringgold  and  Webster  counties  illustrate  fair- 
ly the  difference  in  drainage  l>etween  AVebster  county  and  the 
southern  part  of  the  state.  Any  county  in  the  three  tiers  near  the 
southern  lx)undarv  would  ser\'e  for  contrast  as  well  as  Kine:- 
gold-  Sloughs  and  i>onds  are  common  throughout  AVebster  coun- 
ts', their  numl>er  and  size  varying  with  the  season  of  the  year. 
The  f percentage  of  the  land  that  is  for  this  reason  kejit  from  cul- 
tivatif»n.  however,  is  not  great.  Yearly  the  numljer  of  ixjuds  is 
bein<r  reduced  by  artificial  drainage. 

6G  Rep 
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through  secular  decay  and  concentration  in  place  of  the  iron  con- 
stituent contained  by  the  rocks,  but  that  some  secondary  process 
of  concentration  must  be  taken  into  account  A  single 
argument  put  forward  by  him  is  sufficient  to  render  im- 
possible any  in  situ  explanation.  He  states  that  a  lib- 
eral estimate  of  the  stratified  rocks  removed  from  the  district 
would  not  exceed  1,000  feet,  and  granting  the  presence  of  one  per 
cent  of  iron  on  the  average,  and  no  loss  during  the  process  of 
degradation,  the  maximum  thickness  of  the  ore  residuum  could 
not  exceed  ten  feet,  an  amount  less  than  one-tenth  of  the  actual 
thickness  reported.  His  conclusion  is  that  the  ore  beds  were  ac- 
cumulated through  the  well  known  processes  of  decaying  organic 
matter  and  circulating  water,  generally  known  as  the  **bog  iron 
ore"  process.  While  the  **bog  iron  ore  theory"  explains  the 
greater  portion  of  the  deposit,  the  presence  pf  the  irregularly 
arranged  siliceous  concretions,  and  the  water  worn  quartz  peb- 
bles, render  obvious  the  complexity  of  the  conditions  which  pre- 
vailed during  the  time  of  accumulation. 

Some  years  since,  the  Waukon  Iron  Company  was  organized 
to  exploit  Iron  Hill- and  if  circumstances  proved  favorable  to 
mine  and  ship  ore.  The  chief  organizers  and  owners  live  in  the 
county.  The  first  serious  attempt  to  develop  the  property  was 
during  the  season  of  1899.  Early  in  1901  a  complete  modem 
ore  washing  plant  was  installed  and  put  into  operation. 

The  beds  are  easily  worked.  As  there  is  almost  no  stripping 
the  open  pit  method  is  adopted.  The  usual  i^ractice  is  to  break 
up  the  ore  by  the  use  of  heavy  charges  of  black  powder.  The 
larger  bowlder  concretions  are  further  reduced  by  breaking  with 
dynamite.  The  ore  is  loaded  by  hand  into  two- ton,  home  made 
wooden  ore  cars  and  hauled  by  liorses  to  tlie  washer.  A  double 
track  leads  from  the  pit  to  the  washer,  the  grade  favoring  the 
loaded  car. 

The  i^lant  is  conveniently  located  at  the  head  of  a  ravine  which 
leads  down  to  Village  creek,  and  is  equipjxjd  with  a  McClanahan- 
Stone  outfit  complete,  manufactured  by  the  McClanahan-Stone 
Machine  Company  of  Hollidaysburg,  Penn.  The  ore  from  the 
car  is  dumped  into  a  hopper  which  leads  to  a  single  roll  crusher. 
The  crushed  ore  passes  directly  into  a  single  twenty-five  foot  log 
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washer,  consisting  of  steel  shaft  armed  with  steel  blades  rigidly 
bolted  to  the  shaft  Here  water  is  admitted  at  the  rate  of  300 
gallons  per  minute  when  the  plant  is  operated  at  its  full  capacitj'. 
The  ore  from  the  log  enters  a  standard  McClanahan-Stone  dou- 
ble shell  screen.  Arrangements  are  made  so  that  an  additional 
fifty  gallons  of  water  per  minute  may  be  introduced  here  if 
desired.  The  screenings  fall  directly  into  an  inclined  trough, 
leading  to  a  sluice  box  which  carries  the  waste  down  the  gully. 
The  washed  ore  is  caught  by  a  steel  pan  conveyor  which  car- 
ries the  ore  to  the  storage  bins.  The  chert  nodules  and  other 
impurities  are  removed  by  hand  as  the  ore  passes  over  this  belt. 
An  overflow  bin  has  been  provided  some  distance  from  the  plant 
and  is  connected  by  an  elevated  cable  conveyor.  The  capacity 
of  the  plant  is  300  tons  per  ten  hour  shift.  Power  is  supplied 
by  a  Fairbanks-Morse  lOO-horse  power  boiler  and  a 
Frost  slide  valve  engine  of  eighty-five  indicated  horse  power. 
Water    is    obtained    from    a   well     500    feet    in  depth  on  the 
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premises.  A  constant  supply  is  maintained  by  the  use  of  an  open 
storage  reservoir  of  12,000  barrels  capacity.  The  machinery  thus 
far  installed  is  thoroughly  modem,  well  housed,  and  well  kept. 
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Iron  Hill  cannot  take  rank  as  an  iron  producer  until  better 
transportation  facilities  are  provided.  The  Waukon  branch  of 
the  Chicago,  Milwaukee  &  Saint  Paul  Railway  ends  some  three 
miles  distant  as  the  crow  flies,  but  according  to  recent  surveys 
would  require  an  actual  extension  of  some  five  miles  to  bring  the 
plant  into  connection.  A  water  gi'ade  can  be  secured  down  Village 
creek  to  the  Mississippi  river,  but  in  this  case  a  new  line  of  rail- 
way from  fifteen  to  eighteen  miles  in  length  would  be  required. 
At  the  present  time  it  is  difficult  to  say  which  would  be  the  more 
practicable  route.  The  concensus  of  opinion  slightly  favors  Vil- 
lage creek  as  it  is  the  most  direct  to  navigable  water.  The  in- 
dustry can  scarcely  be  said  to  be  more  than  initiated.  The  out- 
put for  the  past  year  represents  the  plant  running  at  its  full  ca- 
pacity for  less  than  twenty  days.  This  state  of  affairs  was  due 
almost  wholly  to  bad  shipping  facilities,  the  cost  of  transferring 
the  ore  from  the  washer  to  the  car  being  fifty  cents  per  ton,  an 
amount  greater  than  is  paid  for  transporting  Lake  Superior  ore 
from  Duluth  to  Cleveland  and  other  lake  ports. 

The  ore  would  yield  readily  to  the  steam  shovel,  which  would 
be  more  independent  of  weather  and  labor  difficulties.  Some 
form  of  rope  haulage  would  effect  a  saving  worthy  of  considera- 
tion.    At  present  two  horses  and  two  drivers  are  required. 

It  is  estimated  that  about  30  per  cent  of  the  material  as  it  comes 
from  the  pit  passes  through  the  screen,  of  which  the  larger  por- 
tion is  a  ferruginous  clay.  With  the  clay  a  considerable  percent- 
age of  fine  ore  also  escapes.  No  attemi>t  is  made  to  recover  this 
ore.  Such  recovery  might  be  effe<*ted  readily  by  i)assing  the 
screenings  through  a  jig.  The  clay  itself  could  be  caught  in  set- 
tling basins,  and  used  in  the  manufacture  of  brick,  thus  utilizing 
the  products  of  Iron  Hill  to  their  fullest  extent  and  adding  no 
mean  sum  to  the  profits  of  the  business. 

The  visible  ore  body  on  Iron  Hill  has  a  suj^erficial  area  approx 
i  imating  300  acres,  and  a  maximum  thickness  reported  to  be  135 

j  feet.     The  average  specific  gravity  of  limonite  as  it  ordinarily 

runs  is  3.75,  but  owing  to  the  cavernous  character  of  the  beds  in 
question,  3  may  be  assumed  as  a  safe  factor,  and  if  seventy  per 
cent  of  the  deposits  is  marketable,  the  ore  would  run  about  o,090 
tons  per  foot  per  acre.  If  the  further  assumption  be  made  that  the 
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beds  will  average  forty  feet  in  thickness,  the  tonnage  would  be 
120,000  tons  per  acre  or  36,000,000  tons  for  the  entire  deposit. 
Or  to  be  still  more  conservative  and  assume  the  average  thick- 
ness to  be  twenty  feet  and  reduce  the  acreage  to  200  acres,  the 
other  factors  remaining  tlie  same,  the  vailable  merchantable  ore 
in  sight  would  be  12,000,000  tons,  an  amount  worthy  of  re- 
si>ectful  consideration. 

Several  other  ore  bodies,  similar  in  occurrence  and  association, 
but  much  less  important  are  known  to  exist  in  Allamakee  county, 
but  as  yet  have  not  been  thoroughly  explored. 
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PREVIOUS    GKOLOGICAL    WORK. 


INTRODUCTION. 

LOCATION  AND  AREA. 


AVebater  county  is  somewhat  north  and  west  of  the  center  of  the 
state.  Four  counties  lie  between  it  and  the  Missouri  river  while 
three  separate  it  from  the  Minnesota  boundary.  The  county  in- 
cludes twenty  townships  of  thirty-six  square  miles  each,  two  of 
which  are  subdivided  for  the  purposes  of  local  government,  so 
that  twenty-two  townships  are  named  on  the  map.  The  second 
correction  line  passes  between  townships  98  and  99  north,  and 
throws  the  northern  part  of  the  county  two  miles  to  the  west, 
breaking  its  otherwise  regular  outline.  Humboldt  county  bounds 
it  on  the  north,  Wright  and  Hamilton  on  the  east,  Boone  and 
Greene  on  the  south  and  Calhoun  and  Pocahontas  on  the  west. 
Its  location  on  the  Des  Moines  river  was  more  significant  in 
earlier  days  when  greater  dependence  was  placed  upon  water  for 
power  and  transportation,  yet  the  beauty  of  the  finely  wooded 
valley  is  a  constant  source  of  satisfaction  to  the  inhabitants  of 
tiie  r^on.  It  lies  in  the  center  of  a  great  agricultural  region  of 
which  every  county  in  Iowa  forms  a  part.  ■ 

PREVIOUS  GEOLOGICAL  WORK. 

Some  of  the  earliest  geological  work  undertaken  in  the  state 
was  carried  on  in  Webster  countj'.  The  Des  Moines  river  exposes 
along  its  banks  the  indurated  beds,  and  gives  at  times  sections 
of  rock  and  drift  200  feet  in  thickness.  These  greatly  facilitate 
geological  study.  The  unique  deposit  of  gypsum  is  attractive  to 
the  student  on  account  of  the  theoretical  problems  that  it  pre- 
sents, and  to  others  it  is  interesting  on  account  of  its  practical 
value. 

In  the  year  1849  Owen"  made  a  hurried  trip  up  the  Des  Moines 
river,  noticed  the  gypsum  in  Webster  county  and  made  certain 
dednctions  in  regard  to  its  age.    In  1856  Worthenf  visited  the 
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region  and  came  to  the  conclusion  that  the  gypsum  does  not  lie 
conformably  on  the  Coal  Measures.  Hall*  in  1858  and  McGeef 
in  1884  considered  the  stratigraphic  relationship  and  age  of  the 
gypsum.  Webster  county  was  included  in  the  geological  studies 
of  C.  A.  White  and  references  to  its  coal  and  gj^psum  are  made 
in  his  annual  reports  of  1868  and  1870.:}:  In  these  reports  White 
pointed  out  the  great  value  of  the  Webster  county  gypsum,  and 
urged  that  it  be  developed  so  that  the  state  might  furnish  the 
stucco  and  land  plaster  use<l  within  its  borders.  His  judgment 
of  the  worth  and  extent  of  the  gypsum  has  been  verified,  with 
but  one  exception.  It  has  failed  to  meet  his  expectation  as  a 
building  stone.  White  also  called  attention  to  deposits  of  celes- 
tine  along  the  Des  Moines  river  and  at  the  mouth  of  Soldier  creek, 
and  gave  a  description  of  the  mineral  as  it  occurs  at  these  points. 
In  1880  Upham  studied  the  inner  Wisconsin  moraine  known 
as  the  Gary,  and  called  attention  to  a  morainic  tract  between  Fort 
Dodge  and  Tara,  which  he  thought  might  be  associated  with  this 
moraine. 

Keyes,^  rei^orted  (luite  fully  on  the  gypsum  area  in  1893.  He 
outlined  the  position  and  extent  of  the  deposit,  considered  its 
stratigraphic  relationsliii)S  and  stated  clearly  the  conditions  under 
which  in  all  probability  it  was  formed.  He  emphasized  the  eco- 
nomic value  of  the  g>'i)sum  and  described  the  methods  of  quarry- 
ing and  milling  at  that  time  in  use.  In  the  preceding  year  the 
coal  deposits  of  Webster  county  were  considered*,  in  connection 
with  those  of  other  parts  of  the  state.  The  report  included  analy- 
ses of  a  number  of  samples  of  coal  obtained  in  the  vicinity  of 
Fort  Dodge. 

Arthur  C.  Spencer,  in  a  paper  presented  to  the  Iowa  Academy 
of  Sciences,  described  the  crystals  of  gj^psum  common  about 
Fort  Dodge.** 

♦  Geology  of  Iowa,  Vol.  I,  p    14?.     18^8. 

t  Tenth  U.  S.  Census,  Vol.  X  ,  Building  Stones,  p.  258.  Washington.     1884. 
;  First  Ann.  Rept.  State  Geologist,  pp.  16-27,   1868;  2d  Ann.   Rept. ,   pp    135-140,   1868.     Geology 
of  lowi,  Vol.  II,  pp   29jf^and  pp  9U-2S^-    Analyses  of  Fort  Dodge  coal  are  given  on  pages  375-376. 
II  Ann.  Rept.  State  Geologist,  Minnesota,  p.  30S,  1880 
SIowaGeol.  Surv. ,  Ann.  Rept.,  Vol.  lit,  1893,  PP.  259-304. 
'1  Iowa  Geol.  Surv. ,  Vol.  II,  pp.  197-210.   189a. 
♦•Proc.  Iowa  Acad.  Sci  ,  Vol.  II,  pp.  143-145.   1894. 
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PHYSIOGRAPHY. 


TOPOGRAPH V. 

Webster  county  lies  wholly  witliiu  tlu^  ari^i  iluit  wuh  (^ovcu'cnl 
by  the  last  great  ice  invasion,  and  the  drift  of  tliiH  wa  hIhu*!,  culltjd 
the  Wisconsin,  forms  ahnost  everywh(»n»  tlu^  Hiirfac(^  iniitcu'ial. 
Limited  areas  covered  by  gUieial  material  that  liaH  \)Oitu  n*<*i[<iitly 
reworked  bv  streams,  or  bv  detrituH  forirnMl  hv  tin*  vimv  rt'cvui 
weathering  of  cliffs  along  streams,  arc  the  only  negioim  not  (Uil't 
covered.  So  recently  was  this  drift  dcponited  tliat  ero.sion  hurf 
but  slightly  contributed  to  the  toi>ographic  f(*atur(*M  of  the  rAniuiy. 
Only  in  the  immediate  vicinity  of  th(i  Ih^  Moines  river  and  Its 
tributaries  are  the  results  of  water  action  afiparent.  V'u'Wiul 
from  the  valleys  of  the  streanus,  the  hindscaix*  HiH^inn  extrenu^ly 
rugged,  and  it  is  a  matter  of  constant  surpriwi  tbat,  in  a  region 
so  typically  prairie,  scener>'  bo  lieautiful  al>ound«.  'i'he  hUU^  of 
the  valley  are  steep  and  well  woo<J(>d  fronj  toj^  U)  l>*>tt^>m.  AfUt^- 
ascending  the  sharjj  sloi>e,  however,  the  cJimU^r  finds  hUiHiell 
at  once  on  the  level  ]>rairie  where  oft^-n  for  nijl<^  lie  ^'an  w^^  tiut 
stream  as  it  flows  through  its  \'-hha[K^l  vaiJey. 

The  following  table  of  elevations  'nAh'juUt^  for  tlie  f/juuiry  a 
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All  of  Hie  elevation^  *''iVt<]  K'^e  tij«-  upiafjd  \i'\'i*\  at  tjie  jxiint 
named  exoe]it  at  Fort  i>odi:«-  and  J^ayior.  'J*ii<-  Jjlinoi^  ^^enlraJ 
station  at  Fort  lK>dge  ih  pa*"  vay  u^v  j.  tjj»-  ]>«-h  ^iojue^  nve* 
slope,  while  the  ^/hifsttiro  6;  -'-o-:itv.t-stiv  i  ?^tatj<>f.  at  J>ay»oi.  it:  ix 
the  A'alJev  of  Bkilier  ^'jee*:.  J>a?'*' j^'V.^-  <*\>.^'*-^  aXtuwr  .<:i'»v  tna* 
the  iijiland  level  at  tue^*-  jM^ifir,-  ».-  air»u'  '  14'  i(^i*\  vui'*;  'j^^^i* 
BpondE  with  the  l^vei  o?  tne  lers*  «»?  tni-  <'«/ujpy     'J\,j»  <>i»>vatj*n-  at 
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Clare,  the  highest  town  in  the  county,  is  due  to  morainic  condi- 
tions. 

The  southern  half  of  the  county  presents  a  typical  Wisconsin 
drift  plain  and  includes  areas  that  are  remarkably  level.  From 
an  elevation  of  only  a  few  feet  the  country  may  be  seen  for  miles 
in  all  directions.  Clay  and  southern  Elkhom  townships  form 
such*a  great  level  tract.  One  exception  to  the  otherwise  level  sur- 
face of  this  portion  of  the  county  must  be  noted.  Three  miles 
east  of  Gowrie.  in  the  northeast  corner  of  section  9,  Lost  Grove 
township,  is  Coon  Mound.  Its  height  is  fifty  feet  and  the  dimen- 
sions of  its  base  are  about  500  by  300  feet,  the  longer 
axis  extending  north  and  south.  It  rises  abruptly  from  the  prai- 
rie and  stands  alone,  save  for  a  few  low  ridges  to  the  west.  The 
little  school  house  on  its  summit  is  a  conspicuous  object  for  miles 
around. 

The  surface  features  of  the  northwestern  part  of  the  county 
differ  somewhat  from  those  of  the  southern  half.  Hills  and  ridges 
are  common  which  cannot  be  associated  with  erosive  agencies 
that  generally  give  rise  to  such  topographic  features.  These  hills 
and  ridges  may  roughly  be  grouped  in  two  series,  both  extending 
east  and  west,  about  three  miles  apart.  One  follows  the  northern 
countv  line  and  includes  the  northern  sections  of  Jackson  and 
Deer  Creek  townships,  and  crosses  the  river  into  Badger  town- 
ship. Its  average  width  is  two  miles.  Within  this  broken  region 
are  level  stretches  of  considerable  extent.  In  years  past  one  of 
these  was  flooded  and  bore  the  name  of  Bass  lake,  the  depth  of 
which  is  said  to  have  been  four  feet.  In  1890  Bass  lake  was 
drained  into  Bass  creek  by  a  ditch  four  feet  deep.  At  present 
the  area  that  it  once  covered  is  wholly  under  cultivation.  The 
other  series  of  hills  and  ridges  extends  across  northern  Douglas 
township,  north  of  Lizard  creek,  with  occasional  outliers  farther 
south  across  the  creek.  This  series  appears  again  across  the  river 
in  section  19,  Badger  township.  The  Ainsworth  home  and  farm 
buildings,  in  section  11,  Douglas  township,  are  on  the  crest  of 
one  of  the  ridges  in  this  belt. 

The  valley  of  the  Des  Moines  river  is  the  most  interesting 
topographic  feature  that  the  county  presents.  Throughout  its 
course  within  the  county  the  river  has  cut  through  the  drift  and 
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of  BattppT  fmiL  lilt  pzaine  jq  lOiSr  if?'  (C  Hh-  r:v<c  >ih:fi^  ic  ^ciotc 
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liver  Be?  liiTee-fanrai*^  fif  a  ncie  t/*  xim-  ve^a  ^t>i:  ".S^  7>»r^: 

llie  paadxk*  lertiL  liie  asciem  of  naarrr  i?*  ••  •  f«9  hf-iui:  iTi^*ii  i^ithir 
30  3wrds.    At  BlsudoL*^  irrTL  tfciw-  iriiks  hc-lom^  For:  1^^^^. 

the  watiBT  is  19l*  feer  liekiv  ilie  iLj»iaDd  T*iaii:. 

High  JEp  in  tiie  Tillejr,  125  fert  Jibove  tbe  wjiIjM".  ^  y»TOT>taiTwyv5 
gnr^  terraoe  freqnem^  ajijieftTS.  Bonzhi  Prairio  *i  For:  l\v^c?rv. 
on  wiiid  tiie  fair  groands  wevt  localied.  is  a  ]  Art  of  l>«is  Torr:iKx>s 
vld^ii  iF  here  mrasiallT  wide.  It  is  wei]  A:\V!o]xs?  ^o:Th  o; 
West  Fort  Dodge.  In  width  it  Tarie?  fn^m  twwit>~  to  i^^•  x^ni^. 
Beiow  this,  aity  feet  above  the  water,  fragiix^nts  of  ;aii  ^llnvi^l 
temee  are  frequently  found,  ewnmonly  callovi  lln^  ^\>Mit5  IvY^oh. 
The  aUnvial  hottam  lands  are  seldom  more  llian  :W»  \-;ar<i:^  >^-itio. 
The  broadest  point  in  the  Des  Moines  river  valley  is  at  U»  m^Mith 
of  the  Boone  river,  where  the  width  of  a  mile  is  atmiiH\^  ^tatht 
ing  in  the  center  of  the  aUnvial  plain  at  tliis  |x>int  is  a  vorx^  syiti 
metrical  hill  of  circmndenndation  fiftv  feet  hiirh  and  4^X>  tVo; 
broad. 

At  many  points  the  river  is  vigorously  attaoking  the  Khs^^  of 
the  bluffs.     Landslides  result  in   which   at    tinu^   ix^nsidon^Mo 
quantities  of  material  are  involved.    Whore  laiidsHdi\!i  havo  re 
eently  occurred  the  upper  bluffs  are  so  steep  that  thoy  can  soaiw 
ly  be  climbed. 

In  their  upper  courses  the  tributaries  of  the  IVs  Moines  in  Web- 
ster county  have  not  cut  through  the  drift  and  iH>n\nu>nl\ 
have  very  indifferent  valleys.  Generally  rising  in  a  slonglu  they 
follow  for  some  miles  the  natural  ineiinalitii^  of  the  surfaiv, 
adapting  themselves  to  existing  conditions  rather  than  as  yet 
materially  altering  them.  Near  the  river  the  eiwks  have  eut  in 
to  the  indurated  rocks  and  the  lower  portions  of  their  valleys 
appear  more  mature.  A  soft  Carboniferous  sandstone  underlies 
the  drift  in  the  southern  part  of  tlie  county,  and  through  this 
Prairie  creek  has  cut  to  a  depth  of  sixty  feet.    Mural  esearpuients 
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INTRODUCTION. 

LOCATION  AND  AREA. 

Webster  county  is  somewhat  north  and  woHt  of  tho  cMUitor  of  tho 
state.  Four  counties  lie  between  it  and  the  MiHHOuri  riv«»r  wliilo 
three  separate  it  from  the  Minnesota  boundary.  Tin)  mnniy  in- 
cludes twenty  townships  of  thirty-six  sc^uare  iniloH  eiu^h,  two  of 
which  are  subdivided  for  the  purposes  of  local  govern niont^  no 
that  twenty-two  townships  are  named  on  the  inai).  IMim  MH*4mil 
correction  line  passes  between  townshijw  98  and  \M  norths  and 
throws  the  northern  part  of  the  county  two  rnileH  U)  th«  w«Ht, 
breaking  its  otherwise  regular  outline.  Humboldt  c^^unty  bounds 
it  on  the  north,  Wright  and  Hamilton  on  the  eaHt,  liootM  and 
Greene  on  the  south  and  Calhoun  and  J^oi^ahontaM  on  thi^  WimU 
Its  location  on  the  Des  Moines  river  whh  more  HiifuiiScnui  in 
earlier  days  when  greater  dej^endenc^e  wm  jAiwa'A  ufK;n  wat^^r  for 
power  and  transportation,  yet  the  (>eauty  of  th<(5  fUuily  w^hmM 
valley  is  a  constant  source  of  satisfa/.'tion  U)  the  inlmbiUiriti^  of 
Uie  region.  It  lies  in  the  center  of  a  great  agrjr^ultural  rifgiori  of 
which  ev^7  county  in  Iowa  fonni^  a  j/art. 

PREVIOUS  GEOIXX;iCAL  WOKiC 

Some  of  the  eariiest  geological  work  uwUfriak^u  in  ft^  ifUti^ 
was  carried  on  in  WebeUfr  county,  Th^^  J>Mj  Moixi^  rivf^r  ^xf/f^ti^ 
along  its  faonkB  the  indurate  }m^..  and  givf^  at  Hffjhit  w^fdC^nm 
of  rock  and  drift  200  fe<f-t  in  thickj^fMi,  Tl>:^^  ^rnaiXSy  S^hUA^. 
geological  study.  11^  tmique  ^i^mX  of  iryji/HUfSj  h  mllr^^r^  V> 
the  student  on  ^^^stfjuiit  of  tije  Xi^jr^^-sxl  pro^fj^t^jk  Xiai>  h  pr^ 
sents,  and  to  <Miiaf  it  i*  izs^en^ix^  *pu  aicc^yux;t  'A  'sU  p 


In  die  T€ar  1^*&  0»r*t*  ijuad^  at  i':?rr>^  trip  yp  tij^  iM^  lILv/i 
river,  ncMkisd  tte  ryj^inaL  ii  WV^^v^r  *r/vrtv  &xi^  £us»di<:  ^:f^jieL:% 
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region  and  came  to  the  conclusion  that  the  gypsum  does  not  lie 
conformably  on  the  Coal  Measures.  Hall*  in  1858  and  McGeef 
in  1884  considered  the  stratigraphic  relationship  and  age  of  the 
gypsum.  Webster  county  was  included  in  the  geological  studies 
of  C.  A.  White  and  references  to  its  coal  and  gj7)sum  are  made 
in  his  annual  reports  of  1868 and  1870.:}:  In  these  reports  White 
pointed  out  the  great  value  of  the  Webster  county  gypsum,  and 
urged  that  it  be  developed  so  that  the  state  might  furnish  the 
stucco  and  land  plaster  use<l  within  its  borders.  His  judgment 
of  the  worth  and  extent  of  the  gyx)sum  has  been  verified,  with 
but  one  exception.  It  has  failed  to  meet  his  expectation  as  a 
building  stone.  AVhite  also  called  attention  to  deposits  of  celes- 
tine  along  the  Des  Moines  river  and  at  the  mouth  of  Soldier  creek, 
and  gave  a  description  of  the  mineral  as  it  occurs  at  these  points. 
In  1880  Upham  studied  the  inner  Wisconsin  moraine  known 
as  the  Gary,  and  called  attention  to  a  morainic  tract  between  Fort 
Dodge  and  Tara,  which  he  thought  might  be  associated  with  this 
moraine. 

Keyes,§  reported  quite  fully  on  the  gypsum  area  in  1893.  He 
outlined  the  position  and  extent  of  the  deposit,  considered  its 
stratigraphic  relationships  and  stated  clearly  the  conditions  under 
which  in  all  probability  it  was  formed.  He  emphasized  the  eco- 
nomic value  of  the  gj'psum  and  described  the  methods  of  quarry- 
ing and  milling  at  that  time  in  use.  In  the  preceding  year  the 
coal  deposits  of  Webster  county  were  considered*!  in  connection 
with  those  of  other  parts  of  tlie  state.  The  report  included  analy- 
ses of  a  number  of  samples  of  coal  obtained  in  the  vicinity  of 
Fort  Dodge. 

Arthur  C.  Spencer,  in  a  paper  presented  to  the  Iowa  Academy 
of  Sciences,  described  the  crystals  of  gj^psum  common  about 
Fort  Dodge.** 

*  Geology  of  Iowa,  Vol.  I.  p    14^.     i8«8. 

t  Tenth  U.  S.  Census,  Vol.  X  ,  Building  Stones,  p.  258,  WashiDgton.     1884. 
±  First  Ann.  Rept.  State  Geologist,  pp.  26-27,   1868:  2d  Ann.  Rcpt. ,   pp    135-140,   1868.     Geoloffv 
of  Iowa,  Vol.  II,  pp   29iand  pp  254-a56-     Analyses  of  Fort  Dodge  coal  are  given  on  pages  375-376. 
II  Ann.  Rept.  State  Geologist,  Minnesotn.  p.  305,  1880 
|IowaGeol.  Surv. ,  Ann.  Kept.,  Vol.  Ill,  1893,  PP-  259-304. 
"i  Iowa  Geo! .  Surv.,  Vol.  II,  pp.  197-aio.  1891. 
♦*Proc.  Iowa  Acad.  Sci  ,  Vol.  II,  pp.  143-14$.  1894. 


TOPOGRAPHIC    FEATURES.  69 

PHYSIOGRAPHY. 

TOPOGRAPH V. 

Webster  county  lies  wholly  within  the  area  that  was  covered 
by  the  last  great  ice  invasion,  and  the  drift  of  this  ice  sheet,  called 
the  Wisconsin,  forms  almost  everywhei'e  the  surface  material. 
Limited  areas  covered  by  glacial  material  that  has  been  recently 
reworked  bv  streams,  or  bv  detritus  fonued  bv  the  vev\  recent 
weathering  of  cliffs  along  streams,  are  the  only  regions  not  drift 
covered.  So  recently  was  this  drift  deposited  that  erosion  has 
but  slightly  contributed  to  the  topographic  features  of  the  county. 
Onlv  in  the  immediate  vicinitv  of  the  Ues  Moines  river  and  its 
tributaries  are  the  results  of  water  action  apparent.  Viewed 
from  the  valleys  of  the  streams,  the  landscape  seems  extremely 
rugged,  and  it  is  a  matter  of  constant  surprise  that,  in  a  region 
so  typically  prairie,  scenery  so  beautiful  abounds.  The  sides  of 
the  valley  are  steep  and  well  wooded  from  top  to  bottom.  After 
ascending  the  sharp  slope,  however,  the  climber  finds  himself 
at  once  on  the  level  i>rairie  where  often  for  miles  he  can  see  the 
stream  as  it  flows  through  its  V-shaped  valley. 

The  following  table  of  elevations  indicates  for  the  country  a 
very  uniform  surface,  with  a  slight  sloi>e  toward  the  south: 


TOWN. 


AUTHORITY. 


EDTATION. 


C,  K.  I.  &P.  R.  R. 
C,  K.  I.  &P.  R    R. 


Clare 

T»r« .      

Moorland i  C  .  R.  I.  &  P.  R.  R. 

Callendrr ;  C,  R.  1.  &P.  R    R 

Gowrie C  .  R.  I.  &  P.  R.  R. 

Barnam    '  111    Cent.  R.  R 

Fort  Dodge '  III.  Ceot.  R.  R , 

Jodd 111.  Cent.  R    R 

Carbon III.  Cent.  R.  R 

Daccombe III.  Cent    R    R 

Dajton       ,  C.  &  N    W   Ry 


1,19' 

1,196 

1,146 
i.iSi 

1,178 
1.03a 
1,114 
i.iil 
I, III 
I  C84 


All  of  the  elevations  cited  give  the  upland  level  at  the  point 
named  except  at  Fort  Dodge  and  Dayton.  The  Illinois  Central 
station  at  Fort  Dodge  is  part  way  down  the  Des  Moines  river 
slope,  while  the  Chicago  &  Xorthwesteni  station  at  Dayton  is  in 
the  valley  of  Skiller  creek.  Barometric  obsen'ations  show  that 
the  upland  level  at  these  points  is  about  1,140  feet,  which  corre- 
sponds with  the  level  of  the  rest  of  the  county.    The  elevation  at 
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Clare,  the  highest  town  in  the  county,  is  due  to  morainic  condi- 
tions. 

The  southern  half  of  the  county  presents  a  typical  Wisconsin 
drift  plain  and  includes  areas  that  are  remarkably  level.  From 
an  elevation  of  only  a  few  feet  the  country  may  be  seen  for  miles 
in  all  directions.  Clay  and  southern  Elkhom  townships  form 
such  a  great  level  tract.  One  exception  to  the  otherwise  level  sur- 
face of  this  portion  of  the  county  must  be  noted.  Three  miles 
east  of  GowriCj  in  the  northeast  corner  of  section  9,  Lost  Grove 
township,  is  Coon  Mound.  Its  height  is  fifty  feet  and  the  dimen- 
sions of  its  base  are  about  500  by  300  feet,  the  longer 
axis  extending  north  and  south.  It  rises  abruptly  from  the  prai- 
rie and  stands  alone,  save  for  a  few  low  ridges  to  the  west.  The 
little  school  house  on  its  summit  is  a  conspicuous  object  for  miles 
around. 

The  surface  features  of  the  northwestern  part  of  the  county 
differ  somewhat  from  those  of  the  southern  half.  Hills  and  ridges 
are  common  which  cannot  be  associated  with  erosive  agencies 
that  generally  give  rise  to  such  topographic  features.  These  hills 
and  ridges  may  roughly  be  grouped  in  two  series,  both  extending 
east  and  west,  about  three  miles  apart.  One  follows  the  northern 
countv  line  and  includes  the  northern  sections  of  Jackson  and 
Deer  Creek  townships,  and  crosses  the  river  into  Badger  town- 
ship. Its  average  width  is  two  miles.  Within  this  broken  region 
are  level  stretches  of  considerable  extent.  In  years  past  one  of 
these  was  flooded  and  bore  the  name  of  Bass  lake,  the  depth  of 
which  is  said  to  have  been  four  feet.  In  1890  Bass  lake  was 
drained  into  Bass  creek  by  a  ditch  four  feet  deep.  At  present 
the  area  that  it  once  covered  is  wholly  under  cultivation.  The 
other  series  of  hills  and  ridges  extends  across  northern  Douglas 
township,  north  of  Lizard  creek,  with  occasional  outliers  farther 
south  across  the  creek.  This  series  appears  again  across  the  river 
in  section  19,  Badger  township.  The  Ainsworth  home  and  farm 
buildings,  in  section  11,  Douglas  township,  are  on  the  crest  of 
one  of  the  ridges  in  this  belt. 

The  valley  of  the  Des  Moines  river  is  the  most  interesting 
topographic  feature  that  the  county  presents.  Throughout  its 
course  within  the  county  the  river  has  cut  through  the  drift  and 
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indurated  rocks  to  a  depth  varying  fnuu  IftO  |u  yoo  fM,  \\%^^\ 
of  Badger,  from  the  prairie  at  tho  top  of  tlio  rlvor  hhilVw  In  nvhIiM* 
level,  the  descent  is  140  feet.  At  Fort  DckIko  (Iim  tiplhtiil  ImvmI 
is  reached  at  the  Mason  (Uty  and  Fort  1)o(Ih;m  t'MllwMy  MlnlitMh 
The  river  lies  three-fourtlm  of  a  inilo  to  tli««  wt*wl  Mhd  IMF)  ^mmI 
below  this  point  Across  the  river  tho  hliilTM  I'Imm  iikmIm  ^ItMi  piv  It) 
the  prairie  level,  the  ascent  of  nearly  200  CmmI  hMlnjr  mum1<*  wlJIilh 
250  j'ards.  At  Blandon's  mill,  thritit  tmUm  Im^Iow  Fori  Mo«l|{«^ 
the  vaUey  is  165  feet  deep,  at  (UmlvilU*  17r>  Umif  nwi  ni  It^iiinUf 
tibe  water  is  190  feet  below  tlu5  Ufiland  pUtUt. 

Higli  np  in  the  valley,  125  fe«d  a(^;vif  Um^  w/if/<r^  ^i  \mfiUfmmi*\ 
gnrel  terrace  frequently  2i\9\Httir%.  \Umtu\  Vrmti^  ni  Vhfi  tUtfiniif 
on  widdi  the  fair  grounds^  wera  U^^nU^i^  m  h  jmti  of  ih)^  ii/tt^^^, 
wiadk  i§  liere  nniunially  wuUf.  ft  U  w^M  4U^i^Uf\4f4i  tt^/f^tU  of 
Wert  Fort  iWdi^  In  widtb  it  rnri^  ft^nfi  i^^fiy  I//  >J^«^;  ji^ffU. 
BeApw  i4ia«e  «itT  fieirt  abryr<^  th<«f  w^art^irr,  ff^4Cf^i^^^  of  nu  HUm'inS 

T&K*  ftmodis^  fiwfljtt  Sat  tdt^  iJteit  MimwsK  r;^^  ■'fA^ii^}  '^-  M  f^**  /vy/iv^^t- 
•of  iflu-  SStuoU'  iiihnttr.  wiiw^r  ifii*-  ^lii^tii  ^*^'  ;^  A^ii^-  ,*jr  ■^^t^^:p^i/9.  y^^4 

SKOrifai:  iiil  iif  arr»jiaii6*n3i«'i»rtivrt  it^v*  ^f^^f  ;v.^^  ;:^'rt*+  ^y.  U  ^'■ 


<guBniiii?»  ii?  jiamrriu  v:s^  \xv^^\\y**Hi,  '.V ji^r**  rturiifli^Vflr  ij^x-.i  .*.v 
«nti^  i#nni3»C  "Iter  U30^r  itiitl^  tt^*  -wv  ^i*^  iiur  im^-  *;rn  ^#»;»>'.m, 
•k  Hit  «iniiiiirti 
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thirty  and  forty  feet  high  and  miniature  gorges  and  canyons 
are  common.  These  conditions  account  for  Wild  Cat's  cave  in 
section  11,  Pleasant  Valley  township.  Often  covered  with  mosses, 
ferns  and  lichens,  the  walls  of  these  canyons  are  most  pictur- 
esque. 

Lizard  creek  flows  through  a  valley  of  more  niatupty  than  any 
other  of  the  tributaries  of  the  Des  Moines  within  the  county.  Of 
the  two  branches,  the  North  Lizard  is  the  major  stream.  Badger, 
Deer,  Brushy  and  Skiller  creeks  are  confined  within  shaq) 
ravines  in  the  drift,  till  they  near  the  river,  where  for  one  or  two 
miles  they  have  cut  through  the  indurated  rock  to  a  depth  of 
ten  or  fifteen  feet. 
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i  IG.  2.    bLeich  of  Webster  Cwuaiy  which  shows  the  immature 

state  of  drainage. 


DRAINAGE. 


The  entire  county  is  drained  by  the  Des  Moines  river  and  its 
tributaries.  Most  of  the  branches  rise  within  or  barely  outside 
of  the    county  and    while    still    witliin    its    limits    unite    with 
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the  parent  stream.  Lizard,  Soldier,  Deer,  Holaday,  Brushy, 
Skiller  and  Prairie  creeks  answer  this  description.  East  and  West 
Buttrick  creeks,  which  drain  four  townships  in  the  soutliwest- 
em  comer  of  the  county,  contribute  their  waters  to  the  Raccoon 


Fig.  3.    Sketch  of  Rini^gold  coanty  which  brings  out  the  maturity 

of  its  drainage. 

which  they  meet  in  Groone  county.  The  drainage  system  is  not 
elaborate.  None  of  the  creeks  in  the  county  are  i)erennial  far- 
ther than  a  mile  from  their  mouths.  The  creeks  have  no  well  de- 
veloped subordinate  feeders,  and  large  stretches  of  country  are 
dependent  on  artificial  drainage.  The  contrast  that  Wel)ster 
county  presents  in  this  particuhir  with  certain  other  ])arts  of 
the  state  is  made  plain  by  a  map  drawn  on  a  scale  as  limited  as 
that  of  the  liailroad  Commissionens.  The  accomi)anying  sketches 
whicli  rein'oduce  Ringgold  and  Webster  counties  illustrate  fair- 
ly the  difference  in  drainage  between  Webster  county  and  the 
southern  part  of  the  state.  Any  county  in  the  three  tiers  near  the 
soutliern  boundary  would  serve  for  contrast  as  well  as  Ring- 
gold. Sloughs  and  ponds  are  connnon  throughout  AVebster  coun- 
ty, their  number  and  size  varying  with  the  season  of  the  year. 
The  percentage  of  the  land  that  is  for  this  reason  ke})t  from  cul- 
tivation, however,  is  not  great.  Yearly  the  number  of  ])onds  is 
being  reduced  by  artificial  drainage. 

6  G  Rep 
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The  Des  Moines  river  crosses  the  county,  entering  near  the 
center  of  the  northern  boundary  and  leaving  at  the  southwestern 
comer.  Its  course  is  sinuous,  measuring  sixty-five  miles  in  the 
county,  while  thirty-five  miles  is  the  straight  line  distance  from 
its  entrance  to  its  exit.  In  width  the  Des  Moines  in  Webster 
county  varies  from  100  to  2aO  yards,  and  in  average  depth  from 
perhaps  two  feet  in  summer  to  seven  feet  during  the  rainy  peri- 
ods in  the  spring  months.  In  addition  to  the  main  creeks  which 
will  be  mentioned  separately,  there  are  along  the  Des  Moines 
many  ravines  which  in  time  of  rain  are  tributary  to  it  These 
ravines  extend  from  the  river  only  a  short  distance,  and  often 
there  are  long  stretches  where  the  bluffs  overlooking  the  river 
are  unbroken.  , 

Lizard  creek  is  the  largest  stream  tributary  to  the  Des  Moines 


in  Webster  county.  It  drains  the  five  northwestern  townships. 
;Two  branches  of  slightly  differing  size  unite  two  miles  from  its 
mouth  to  form  the  main  stream.     The  general    course   of  both 
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branches  is  southeast,  save  for  a  few  miles  near  their  junction 
where  the  southern  branch  turns  north  to  meet  its  companion. 

Deer  creek  rises  barely  across  the  line  in  Humboldt  county 
and  after  traversing  Deer  Creek  township  in  Webster  county 
empties  into  the  Des  Moines.  It  has  no  tributaries,  aside  from 
short  ravines  supplying  water  in  time  of  rain,  and  drains  the  re- 
gion for  only  a  short  distance  on  either  side  of  its  immediate 
valley. 

Prairie  creek  rises  in  Elkhom  township  which  it  crosses  diag- 
onally. Entering  Otho  township  it  flows  for  some  distance  with- 
in two  miles  of  the  Des  Moines  river  in  a  course  nearly  parallel 
before  it  unites  with  that  stream.  All  of  the  creeks  so  far  de- 
scribed are  on  the  west  side  of  the  river. 

Brushy  creek,  like  most  of  the  tributaries  on  the  east  side  of 
the  Des  Moines  in  Webster  county,  flows  almost  due  south.  It 
rises  at  the  northern  edge  of  the  county  and  for  two-thirds  of 
the  length  of  the  county  flows  within  three  miles  of  its  eastern 
boundary. 

Holaday  creek  which  is  three  miles  west  of  Bushy  creek  rises 
in  the  extreme  northeastern  corner  of  Badger  township  and  flow- 
ing almost  directly  south  drains  western  Cooper  and  Pleasant 
Valley  townships.  Throughout  its  course  it  is  nearly  parallel  to 
Brushy  creek. 

Soldier  creek  rises  in  the  northeastern  corner  of  th^  county 
and  differs  from  other  streams  on  the  east  side  of  the  river  in 
this  vicinity  by  flowing  southwest,  meeting  the  Des  Moines  at 
Fort  Dodge.  Like  all  of  the  secondary  streams  within  the  coun- 
ty it  discharges  a  great  quantity  of  water  duiing  the  rainy  seas- 
on and  is  insignificant  during  the  summer  months. 

East  and  West  Buttrick  creeks,  tributaries  of  the  Raccoon, 
which  drain  the  southwestern  part  of  the  county,  like  all  the 
minor  water  courses  within  the  counts',  appear  extremely  imma- 
ture. Reasons  for  the  extreme  youth  of  the  drainage  system  will 
be  considered  later  in  connection  with  the  Pleistocene  deposits. 
Boone  river  unites  with  the  Des  Moines  in  southeastern  Webster 
county. 
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STRATIGRAPHY. 

General  Relations  of  Strata. 

Excei)tiug  limited  Carboniferous  outliers,  Webster  county  eon- 
tains  the  most  northern  of  the  Iowa  Coal  ^Nfeasures.  These  lie 
just  beneath  tlie  drift  throughout  all  of  tlie  southern  and 
the  greater  part  of  the  rest  of  the  county.  The  Saint  Louis  lime- 
stone, a  characteristic  member  of  the  Lower  C^arboniferous,  un- 
derlies the  drift  at  certain  ])oints  in  the  northern  ])art  of  the  area, 
and  a])peai's  along  tlie  Des  Moines  in  two  i)laces  well  to  the  south 
where  the  stream  has  cut  through  the  Coal  ^Measures  which  are 
tliere  tliin.  Within  the  Coal  Pleasures,  in  the  central  i)ai't  of  the 
county,  ))robably  during  some  part  of  the  Permian  or  Jura-Trias 
period,  a  hollow  of  considerable  extent  was  filled  with  saline  de- 
posits, the  gyjKsum  beds. 

After  being  exi)osed  as  suj'face  rock  Tor  a  long  period,  the  coal 
and  associated  shales,  gypsum  and  limestone,  were  covered  by 
mateiial  deposited  by  three  great  glacieis.  Between  the  invasion 
of  these  ice  sheets  there  was  a  considerable  interval  of  time.  Of 
the  material  dei)Osited  by  the  first  and  second  glaciers  the  greater 
l)art  was  subsecpiently  removed  by  erosion,  stream  and  glacial,  all 
that  now  remains  a])pearing  in  scattered  beds  of  badly  rusted 
and  decayed  gravel.  A  later  ice  sheet  dei)0sited  great  quantities 
of  clay,  pebbles  and  bowlders,  which  still  remain  and  slightly 
modified  by  plant  and  animal  life  form  the  soil  of  the  region. 

The  relation  of  the  formations  is  showni  in  the  following  table: 
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GROUP. 

SYSTEM . 

SERIES. 

Recent. 

STAGE. 

FORMATION. 

A 

Pleistocene. 

Tufa,  Humus,    Al- 
luvium. 

Cenozoic. 

Glacial. 

Wisconsin . 

Drift. 

Aftonian(?) 

Gravel . 

Carboniferous. 

1 
1 

1 
1 

1 

1 

1 
1 

Permian  (?) 

Gypsum  Red  Shale 
and   Sandstone. 

Paleozoic. 

Upper  Carbon- 
iferous or  Penn- 
sylvanian . 

Des  Moines. 

Coal. 

Sandstone.   . 
Shale. 

1 
1 

Lower  Carbon- 
iferous or  Mis- 
sissippian . 

Saint  Louis. 

Limestone. 

The  Des  Moines  river  gives  a  series  of  exposures  nearly  con- 
tinuous across  the  county  from  north  to  south.  Prairie  creek 
reveals  the  indurated  rocks  for  thr(H.»  miles  west  of  the 
river  in  the  center  of  the  c(mnty.  Xeai*  Foit  I)od^<^  st^'tions 
occur  near  Soldier  and  Lizard  criH^'ks.  KxjKisures  alon^  Holaday 
creek  add  greatly  to  our  knowledge  of  the  foi'iuations  in  the  west 
central  portion  of  the  county.  Near  its  mouth  Ski  Her  crec'k  has 
cut  tlirough  the  drift  and  into  the  Coal  Measures.  Two  Mih? 
creek,  near  Fort  Dodge,  has  ex<'avate<l  the  ravine  known  as  (iy]>- 
sum  Hollow,  in  whi<*h  are  revealerl  full  s(*<'tioiJs  of  t\n*  gypsuia 
beds  with  a  few  feet  of  the  underlying  shah*  and  clay  wiiir-h  are 
associated  with  theuL 

In  addition  to  these  natural  exj>osures  well  data  throughout 
the  (»ounty  and  the  re<*ords  of  holes  sunk  while  j>rospe<.ting  for 
g>'psuin  and  coal  are  instructive. 
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STRATIGRAPHY. 
General  Relations  of  Strata. 

Excepting  limited  Carboniferous  outliers,  Webster  county  con- 
tains the  most  northern  of  the  Iowa  Coal  Measures.  These  lie 
just  beneath  the  drift  throughout  all  of  the  southern  and 
the  greater  part  of  the  rest  of  the  county.  The  Saint  Louis  lime- 
stone, a  characteristic  meml)er  of  the  Lower  Carboniferous,  un- 
derlies the  drift  at  certain  ]3oints  in  the  northern  ])art  of  the  area, 
and  a])pears  along  the  Des  jMoines  in  two  ])laces  well  to  the  south 
where  the  stream  has  cut  through  the  Coal  ]\Ieasures  which  are 
there  thin.  Within  the  Coal  Pleasures,  in  the  central  i)ai't  of  the 
county,  ])r()l)ably  during  some  ])art  of  the  Permian  or  Jura-Trias 
period,  a  hollow  of  considerable  extent  was  filled  with  saline  de- 
posits, the  gyi)sum  beds. 

After  being  exposed  as  surface  rock  for  a  long  ])eriod,  the  coal 
and  associated  shales,  gypsum  and  limestone,  were  covered  by 
mateiial  dej)osited  l)y  three  great  glaciers.  Between  the  invasion 
of  these  ice  sheets  there  was  a  considerable  interval  of  time.  Of 
the  material  deposited  by  the  first  and  se<'ond  glaciers  the  greater 
pait  was  subseipiently  removed  by  erosion,  stream  and  gla(*ial,  all 
that  now  remains  appearing  in  scattered  beds  of  badly  rusted 
and  decayed  gravel.  A  later  ice  sheet  deposited  great  cpiantities 
of  clay,  pebbles  and  bowlders,  which  still  remain  and  slightly 
modified  by  plant  and  animal  life  form  tlie  soil  of  the  region. 

The  relation  of  the  formations  is  shown  in  the  following  table: 
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GROUP. 

SYSTEM . 

SERIES. 

Recent. 

STAGE. 

FORMATION. 

A 

Pleistocene . 

Tufa,  Humus,    Al- 
luvium. 

Cenozoic. 

Glacial. 

Wisconsin . 

Drift. 

Aftonian(.^) 

Gravel. 

Carboniferous. 

Permian  (.?) 

Gypsum  Red  Shale 
and   Sandstone. 

Paleozoic . 

Upper  Carbon- 
iferous or  Penn  • 
sylvanian . 

Des  Moines. 

Coal. 

Sandstone.   . 
Shale. 

Lower  Carbon- 
iferous or  Mis- 
sissippian. 

Saint  Louis. 

Limestone. 

The  Des  Moines  river  gives  a  series  of  exposures  nearly  con- 
tinuous across  the  county  from  north  to  south.  Prairie  creek 
reveals  the  indurated  rocks  for  three  miles  west  of  the 
river  in  the  center  of  the  county.  Near  Fort  Dod^e  sections 
occur  near  Soldier  and  Lizard  crei^ks.  Exposures  along  lloladay 
creek  add  greatly  to  our  knowledge  of  the  formations  in  the  west 
central  portion  of  the  county.  Near  its  moutli  Skiller  creek  has 
cut  through  the  drift  and  into  the  Coal  treasures.  Two  Mile 
creek,  near  Fort  Dodge,  has  excavated  the  rnvine  known  as  (iyp- 
sum  Hollow,  in  which  are  revealed  full  sections  of  the  gypsum 
beds  w^itli  a  few  feet  of  the  underlying  shale  and  clay  which  are 
associated  with  them. 

In  addition  to  these  natural  exposures  well  data  tliioughout 
the  county  and  the  records  of  holes  sunk  while  jn'ospecting  for 
gj'^psum  and  coal  are  instructive. 
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Carboniferous   System. 

MISSISSIPPIAN  SERIES. 

Only  the  upper  member  of  this  series,  the  Saint  Louis  lime- 
stone, is  exposed  in  Webster  county.  It  frequently  appears  along 
the  Des  Moines  river  from  the  northern  boundary  of  the  county 
south  to  Lehigh  and  for  two  miles  back  from  the  river,  to  the 
east  on  Soldier  creek,  and  for  an  equal  distance  to  the  west  on 
Lizard  creek. 

In  all  of  these  exposures  the  limestone  is  quite  consistent  both 
in  its  lithological  and  stratigraphic  characteristics.  It  is  made 
up  of  layers  of  quite  pure  limestone,  varying  in  thickness  from 
an  inch  to  a  foot.  Above  the  limestone  layers  from  three  to  six 
feet  of  calcareous  sandstone  are  common.  Above  the  sandstone 
from  six  to  ten  feet  of  shaly  marl  are  often  found.  A  definite 
layer  of  this  marl  is  extremely  rich  in  fossils,  whilei  the  rest  is 
barren.  Frequently  the  limestone  layers  are  brecciated.  The 
layers  are  folded  gently,  resulting  in  undulations  in  the  stone 
averaging  about  thirty  feet  in  length  with  a  vertical  distance  of 
four  feet  from  crest  to  hollow.  Vertical  cracks  are  common,  but 
no  faulting  was  observed  and  the  stone  shows  only  slightly  the  de- 
fects of  crushing. 

A  typical  section  is  found  on  the  right  bank  of  the  Lizard,  a 
mile  from  Fort  Dodge,  in  Douglas  township,  section  24,  center. 

LIZARD  CREEK  SECTION-SAINT  LOUIS  LIMESTONE 

FKET. 

4.  Fossil-bearing  marl,  Spirifer  littont  Swal- 
low, Pugnax  otiumwa  ^Vhite,  Seminula 
subqtMdraia  Hall,  Dentalium  sp.,  abund- 
ant       6 

3.     Marl,    gray,    without     fossils,     containing 

many  small  selenite  crystals 40 

2.  Sandstone,  yellow,  moderately  hard,  show- 
ing little  lamination,  calcareous 2 

1.    Limestone,  slightly  folded,  in  definite  las- 
ers,  average  t'lickness   of  largest  eight 
inches,   in   places  brecciated,  though  not 
showing     a     layer     that    lis     brecciated 
throughout,  as  in  exposures  in  the  I>e9 
Moines  river  north  of  Fort  Dodge 17 
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Above  the  marl  is  a  drift  slope  se\ent}'  feet  high,  while  Coal 
Measure  shales,  which  probably  lie  between  the  marl  and  the 
drift,  are  concealed  by  the  wash  of  the  slope  and  the  growth  of 
vegetation. 

The  fossil-bearing  layer  of  marl  was  cut  through  by  the  Illi- 
nois Central  railroad  and  a  great  number  of  excellent  specimens 
may  be  picked  up  along  the  cutting.  Fossils  are  also  abundant 
on  the  slope  of  Lizard  creek.  The  sandstone,  which  generally 
lies  just  above  the  limestone,  though  seldom  absent,  varies  great- 
ly in  thickness  in  different  localities.  At  the  wagon  bridge  near 
the  mouth  of  Lizard  creek  a  sandstone  layer  is  present  also  in 
the  limestone. 

SECTION  AT  MILLER'S  QUARRY,  NEAR  THE  STONE  BRIDGE  07ER  SOLDIER  CREEK 

IN  FORT  DODGE. 

FBBT. 

7.     Soil 2 

6.    Gravel,  fresh,  cross-bedded 10 

5.     Clay,  yellow,  not  jointed,  unleached,  many 

limestone  pebbles* 15 

4.  Soil  and  clay  mingled,  both  unleached,  soil 
dark  and  containing  manj'  wood  frag- 
ments       15 

3.  Sand,  uncemented,  containing  lumps  of 
coal  and  large  pieces  of  wood,  in  layers 
varying  greatly  in  color  from  white  to 
gray 8 

2.    Calcareous  sandstone,  a  single  layer  very 

firm li/a 

1.  Limestone,  layers  coarse,  often  two  feet 
thick,  «tone  of  even  fine  texture,  no  fos- 
sils    25 

In  the  creek  bed  at  the  foot  of  this  exposure  the  limestone  gives 
place  again  to  calcareous  sandstone,  the  thickness  of  which  could 
not  be  determined. 

A  little  above  Miller's  quarry,  on  Soldier  creek,  the  Saint 
Louis  limestone  gives  place  to  Coal  Measure  shales.  One-half 
mile  further  up  Soldier  creek  in  Cooper  township,  section  19,  Nw. 
y^j  the  limestone  again  comes  to  the  surface  and  appears  for  200 
feet  in  the  creek  bed. 

Following  the  river  north  from  Fort  Dodge,  limestone  appears 
continuously  for  two  miles.    On  the  west  bank  it  underlies  the 
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alluvium  in  the  river  flat.  On  the  east  side  it  appears  Wneath 
bluffs  or  Coal  Measure  shales  and  sandstone,  which  rise  fifty 
feet  above  it.  The  limestone  is  exposed  from  the  water's  edge 
upward  from  twenty  to  forty  feet,  often  fonning  a  continuous 
mural  escari)ment  for  a  considerable  distance. 

The  section  given  l^elow,  taken  in  Cooper  townshi]),  section  7, 
Sw.  '  I,  is  tyi)ical  for  this  series  of  exi)osnres: 


13. 
12. 

11. 

10. 
9. 

S. 


»> 


6. 


5. 


4. 

o 


FEP.T.    INCHES. 
Sa  11(1     5 

Limestone  laver   

Limestone  layer  witli  persistent  band  of 
flint  one  ineh   thick    

Limestone  layer   

Lime^'tone    layer    

l^iniestone  layer   

Limestone,  at  some  points  massive  and 
others  showin^f  layers  sli^ji-htly  dis'tin- 
j^nishable    

Limestone    layer,    light    color 

Limestone  layer   

Limestone  laver   

■ 

Sandstone,  in  places  containing  a  flint  band 

one  inch   thick   

Limestone  layer   

Sancbtone  to  water's  edge 


1 


The  next  section  given  is  around  the  bend  of  the  river,  a  mile 
abov(*  wIkmc  the  section  just  recorded  was  taken  and  just  above 
the  old  (»oal  mines  two  miles  north  of  Fort  Dodge,  in  C^ooper 
townshi]),  section  7,  Sw.  V|  ' 


♦) 


FEET, 

.      4 


Drift   

Coal  Measure  shales,  fissile,  very  ferrugiii- 
ons   10 

Limestone,  with  characteristics  of  the 
Saint  Louis,  on  which  the  Coal  Measures 
rest  unconformably   10 


Farther  up  the  stream  the  surface  of  the  limestone  dips  down 
at  an  angle  of  ten  degree  and  soon  disaiJi)ears  below  water  level. 
Within  half  a  mile  it  emerges  again  and  underlies  the  lower  allu- 
vial terrace  to  a  point  about  a  mile  above  the  mouth  of  Badger 
creek,  where  it  gives  place  to  sandstone.     This  portion  of  the 
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river  vallev  is  unusually  broad  and  is  doubtless  underlain  with 

Saint  Louis  limestone.    The  alluvium  over  the  limestone  is  verv 

thin  and  the  sandstone,  which  at  many  jmints  appears  in  and 

over  the  Saint  Louis,  is  here  absent. 

After  passing  numerous  sandstone  exposures,  which  will  be 
considered  under  Carboniferous  deposits,  the  limestone  is  again 

encountered  one-half  mile  above  Badger  bridge,  on  the  cast  bank 

of  tlie  river.    At  this  point  a])pear: 

FEET 

3.  Brecciated  liinesttme 4 

2.     Covered  so  that  the  nature  of  the  r<K*k   is 

concealed .'{ 

1.  Calcareous   santlstone   appearinp^  at    water 

level. 

On  the  west  bank  a  diif  shows: 

FEET. 

?>.  Sandstone,  red.  s<ift.  thin-bedded,  without 
joints',  with  coating:  of  calcium  carbonate 
over  the  rock   in  all  of  the  cracks 20 

2.  Covered   bv  talus   1"» 

1.  TJniestone  partly  concealed  by  talus,  brec- 

ciated. with  much  quartz  an<l  many   lay- 
ers <.f  flint  20 

Similar  exposures  continue  to  the  noitli.  AVithin  eighty  rods 
of  the  county  line  there  appear: 

Ff-ET. 

2.  TJmestone,   brccciatc<l   in    layers     ^      to      12 

inches    '» 

1.     Limestone.      Hne-«rrain«*d.       ahno>T       litho- 

jrraphic,  in  layers  avrrai;"ini»"  >  inches....     0 

The  stone  here  is  ar(*lied  and  folded  more  than  at  anv  other 
j)Iace  visited  in  the  county. 

The  most  northern  limestone  ex))osure  of  any  size  in  the  coun- 
ty- is  fortv  rods  .south  of  the  countv  line.    At  this  i)oint  we  have: 

FfiET. 

^.     Drift    2 

7.     (iravei   J 

6.     Marl   1 

.'>.     Limestone,   no  fossils,   layers  one   foot,  i-'w 

inches  thick 12 

4.  Sandstone,  calcareous,  yellow,  fine-grained     6 
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alluvium  in  the  river  flat.  On  the  east  side  it  api)ears  beneath 
bluffs  or  Coal  Pleasure  shales  and  sandstone,  which  rise  fifty 
feet  above  it.  The  limestone  is  exposed  from  the  water's  edge 
upward  from  twenty  to  forty  feet,  often  forming  a  continuous 
mural  escarpment  for  a  considerable  distance. 

The  section  given  l)elow,  taken  in  Cooper  township,  section  7, 
Sw.  1  \,  is  tyj)ical  for  this  series  of  ex))()sures: 

PERT.    INCHES. 

1 3.     Sa  11(1    5 

12.     Limestone  layer   1 

11.  Liniestdiie    layer    with    persistent    band    of 

flint  one  inch   thiek   1  2 

10.     Limestone  layer   2  0 

1).     Lime>'tone    lavt*r    1 

H.     Limestone  laver   1 

« 

7.     Limestone,    at     some    points    massive    and 
others    showing-    layers    slig-htly    di>'tin- 

g-nishable    4 

6.     Limestone    layer,    lipht    eolor 1 

5.     I^imestone  laver   1 

4.     Limestone  layer   1 

3.     Sandstone,  in  i)laees  eontaining"  a  flint  band 

one  ineh   thiek    G 

2.     Limestone  layer   1  ('» 

1.     Sand.'-'tone  to  water's  edpe 1  0 

The  next  section  given  is  around  the  bend  of  the  river,  a  mile 
abov(>  where  the  section  just  recorded  was  taken  and  just  above 
the  old  coal  mines  two  miles  north  of  Fort  Dodge,  in  Cooper 
township,  section  7,  Sw.  V i  • 


FEET. 


•> 


Drift   4 


2.     Coal  Measure  shales,  fissile.  \^v\  ferrutrin- 

ons   10 

1.  Limestone,  witli  charaeteristies  of  the 
Saint  Louis,  on  whieh  the  Coal  ^fea^'nres 
rest  nneonformably   10 

Farther  up  the  stream  the  surface  of  the  limestone  dips  down 
at  an  angle  of  ten  degree  and  soon  disap])ears  below  water  level. 
Within  half  a  mile  it  emerges  again  and  underlies  the  lower  allu- 
vial terrace  to  a  ))oint  about  a  mile  above  the  mouth  of  Badger 
creek,  where  it  gives  place  to  sandstone.     This  portion  of  the 
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river  vallev  is  imusuallv  broad  and  is  doubtless  underlain  with 

Saint  Louis  limestone.    The  alluvium  over  the  limestone  is  vei'v 

thin  and  the  sandstone,  which  at  many  i)oints  appears  in  and 

over  the  Saint  Louis,  is  here  absent. 

After  passing  numerous  sandstone  exposures,  which  will  be 
considered  under  Carboniferous  deposits,  the  limestone  is  again 

encountered  one-half  mile  above  Badger  bridge,  on  the  (^nst  bank 

of  the  river.    At  this  point  appear: 

FEET 

.'>.     nrecci.ated  limestone 4 

2.     Covered  so  that  the  nature  of  the  roek  is 


eoneealed , 

1.  Calcareous   sandstone   ai)pearinR'   at    water 

level. 

On  the  west  bank  a  clifl*  shows: 

FEET. 

.'i.  Sandstone,  red,  s<ift,  thin-bedded,  without 
joints*,  with  eoating-  of  caleiuni  earbonate 
over  the  roek   in  all  of  the  eraeks 20 

2.  Covered   by  talus   l") 

« 

1.  TJniestone  partly  concealed  by  talus,  brcc- 

ciated,  with  much  ijuartz  and  many  lay- 
ers of  flint 20 

Similar  exposures  continue  to  the  north.  AVithin  eighty  rods 
of  the  county  line  there  appear: 

FhET. 

2.  Limestone,   brecciatcd   in   layers     s     to     12 

inches   .*> 

1.     Limestone,      fine-«*'raine(l,       almost       lithci- 

g'ra[)hic,  in  layers  avcrai^-iny  •>  inches....     C 

The  stone  here  is  arched  and  folded  more  than  at  anv  other 
place  visited  in  the  county. 

The  most  northern  limestone  ex])()sure  of  any  size  in  the  coun- 
ty is  forty  rods  south  of  the  (»ounty  line.    At  this  })oint  we  have: 

FfiKT. 

5.  Drift    2 

7.  (Jravel    1 

6.  Marl    1 

5.  l^imestone,  no  fossils,  layers  one  foot,  t-ix 

inches  thick 12 

4.     Sandstone,  calcareous,  yellow,  fine-grained     6 
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FBBT. 

3.    Limestone,  layers  -six  to  twelve  inches 4 

2.    Limestone,    brecciated,    containing      much 

quartz  and  flint,  very  irregularly  bedded  6 

1.    Limestone,  evenly  bedded  to  water's  edge..  3 

The  striking  peculiarity  of  the  limestone  in  the  northern  part 
of  the  county  is  the  great  amount  of  drusy  quartz  and  flint  that 
it  carries,  most  of  it  in  the  upper  brecciated  layers.  Frequently 
the  masses  weigh  200  pounds.    Calcite  is  also  abundant. 

Going  down  the  river  from  Fort  Dodge  nothing  but  Coal  Meas- 
ure deposits  are  seen  until  a  point  is  reached  one-fourth  of  a 
mile  below  the  Minneapolis  &  St.  Louis  railroad  bridge  near 
Duncomb's  mill,  in  Pleasant  Valley  township,  section  5,  Sw.  14. 
Here  the  Saint  Louis  limestone  rises  to  the  surface  and  appears 
ten  feet  above  summer  water  level.  The  upper  part  consists  of 
the  characteristic  marl  with  many  specimens  of  Pugnax  ottumwa 
and  Spirifer  littoni.  The  exposure  is  not  a  large  one,  and  per- 
haps ten  acres  will  include  all  of  the  limestone  at  the  surface  in 
the  river  bed.  The  next  exposure  of  Saint  Louis  limestone  down 
the  river  is  half  a  mile  below  here,  in  section  8,  Ne.  i/4.  The  lime- 
stone shows  for  a  thousand  feet  along  the  stream  and  rises  ten 
feet  above  the  water  level.  The  upper  five  feet  are  marly,  and 
the  lower  five  feet  are  made  up  of  solid  stone,  heavily  bedded. 
Some  quarrying  has  been  done  at  this  point.  The  limestone  may 
underlie  the  alluvium  in  the  valley,  which  is  here  1,000  feet  wide. 
The  alluvium  above  the  marl  is  at  least  fifteen  feet  thick.  Be- 
low Kalo  in  section  16,  the  limestone  occupies  two  small  areas  in 
the  river  bed. 

West  of  Fort  Dodge  the  limestone  is  exposed  in  the  bed  of 
Lizai'd  creek  for  one  and  a  half  miles,  to  the  junction  of  the  tw</ 
branches.  It  shows  also  in  the  creek  bed  of  each  branch  for  half 
a  mile.  The  geological  map  makes  clear  the  location  of  the  vari- 
ous exposures  just  described. 

Relations  of  Saint  Louis  Limestone  to  Coal  Measures  and  Gyp- 
5wm.— Wherever  contacts  have  been  observed  between  the  Saint 
Louis  limestone  and  the  Coal  Measures  there  is  a  marked  imcon- 
formity.  The  surface  of  the  limestone  is  very  uneven  and  was 
evidently  exposed  to  erosion  for  a  very  long  interval  before  the 
Coal  Measures  were  deposited.    A  mile  north  of  Fort  Dodge  the 
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Saint  Louis  limestone  rises  fifty  feet  above  the  river.  A  mile 
above  this  point  the  section  already  quoted  shows  that  it  descends 
to  within  two  feet  of  the  water,  its  place  being  taken  by  Coal 
Measure  shales.  To  the  south  the  limestone  also  descends,  so  that 
along  the  river  at  Fort  Dodge  only  Coal  Measure  shales  and 
sandstones  are  exposed.  This  is  not  due  to  an  anticlinal  fold, 
but  to  unequal  erosion  of  the  limestone. 

Along  Soldier  creek,  as  will  be  shown  by  sections  cited  farther 
on,  the  gypsum  at  certain  points  rests  directly  upon  the  Saint 
Louis  limestone.  Not  far  from  these  exposures  of  gypsum  and 
limestone  the  gypsum  is  replaced  by  Coal  Measure  shales.  The 
marked  unconformity  between  the  gypsum  and  Coal  Measures 
furnishes  a  partial  explanation  for  these  conditions.  The  uncon- 
formity between  the  limestone  and  Coal  Measures  is  doubtless 
another  factor  that  gives  rise  to  this  peculiar  relationship  of 
strata.  The  unevenness  in  the  surface  of  the  limestone  before 
the  Coal  Measures  were  deposited  would,  after  the  shales  were 
laid  down  upon  it,  bring  the  limestone  nearer  the  surface  at  some 
points  than  at  others.  If  the  subsequent  erosion  of  the  Coal 
Measures  were  even  the  limestone  would  outcrop  at  certain 
points,  while  at  others  it  would  still  be  covered.  Th  Coal  Meas- 
ures were,  of  course,  unequally  eroded  thus  doubling  the  oppor- 
tunities for  exposures  of  limestone.  It  is  not  strange  therefore 
that  the  gypsum,  which  later  was  deposited  in  Coal  Measure 
depressions,  should  often  lie  directly  on  the  Saint  Louis,  while 
near  by  the  Coal  Measures  intervene. 

PENNSYLVANIAN  SERIES. 
DES  MOINES  STAGE. 

The  productive  Coal  Measures  of  Iowa  belong  to  the  Des 
Moines  stage  of  the  Pennsylvanian  series.  These  strata  directly 
underlie  the  drift  in  most  of  the  central  and  southern  part  of 
Webster  county,  the  main  exception  being  a  strip  extending 
across  the  center  of  the  county  from  northeast  to  southwest,  where 
^psum  intervenes.  The  Coal  Measures  consist  of  shale,  coal, 
sandstone,  fire  clay  and  thin  beds  of  argillaceous  limestone  and 
limonite.    Productive  coal  seams  are  found  at  a  number  of  points. 
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Fire  clay  is  almost  invariably  found  beueatii  the  coal.  Tlie  sliales 
are  fissile,  generally  arenaceous  and  free  from  line.  Tliey  vary  in 
color  from  veiy  dark  gray  to  yellow.  At  many  jioluts  they  abound 
in  crystals  of  selenite.  Prints  of  ferns,  lepidodendrons,  and  eal- 
aniit"  are  often  well  i)reser\-ed  in  tlieui.  Fossils  taken  from 
the  pit  of  the  Fort  Dodge  day  works  have  l)een  identified 
by  Professor  Macbride  as  Alethopteris  loiu-hitica  Schloth.,  Eie- 
mopfcrls  fiffriiosa  Lescj.,  Neitropteris  sj).  (probably  hirtsuta.) 
Good  si)eciniens  of  Ulodemhtm  ellipiiriiin  Ktenib.  were  also 
found  at  the  same  jilace  and  with  these  specimens  of  Sigillaria 
and  Calamites  occur.  Bands  of  clay  ironstone  varying  in  thick- 
ness from  one  to  ten  inches  and  nodules  of  the  same  material  are 
not  nnconunon  in  the  shale.  In  the  center  of  the  nodules  thera 
is  often  pyrites  of  iron.    A  jieculiarity  of  the  Coal  Measure  shales 


intlii'plti>fth,>F-in 


tbroiighout  the  county  is  sliowu  in  the  accompanying  illustra- 
tion. <.)ne  be<l  of  shale  rapidly  gives  pla<'e  to  another  or  to  sand- 
stone in  a  way  which  suggests  an  unconformity,  yet  which  lacks 
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at  least  one  phase  of  the  process  to  which  that  tenn  is  pro|>erly 
applietl.  It  is  hardly  equivalent  to  the  cross  bedding:  so  com- 
mon in  the  Coal  Measure  sandstone,  nor  is  it  due  to  the  thin- 
ning out  of  one  lied.  The  material  is  of  etjual  fineness  across 
the  section,  and  the  lamina'  are  of  e(|ual  thickness.  The  follow- 
ing explanation  is  suggested.    The  lower  beds  wlien  foritiwl  con- 


tinued parallel  iicvo.ss  the  section.  ( 'urieiit  action,  however, 
shortly  after  their  dc)K>sition  and  while  tlie  material  was  yet 
plastic,  being  increased  over  tlic  surface  of  the  section  shown  in 
the  jiictnre  on  the  right,  scoured  out  some  of  the  silt,  producing 
the  slor>e  now  shown  iu  the  lower  lied.  Suhseijuciit  changes  in 
the  current  jierntitted  depo'^ition  aiiani.  and  the  upper  licds  were 
laid  down. 

Tilt  Coal  Meiisurc  samlstoues  arc  the  strikiug  stralixniphi.- 
feature  in  the  southern  [mrt  ol  the  county  wlurc  a  iiiaxiinmii 
thickness  of  sixty  feet  is  exposed.  Must  of  tlic  layers  arc  fer- 
ruginous, but  near  Lehigh  the  upper  courses  at  (-ertairi  points 
are  eemented  witli  carljonate  of  lime.  The  hond  iH-twei-n  the 
grains  is  slight  when  iron  is  the  cementing  substance.  The  lay- 
ers 'Maintaining  carbonate  of  lime,  hciwever,  are  firm  nn'i  suitable 
for  building.  Typical  exposures  of  these  sandstones  tiiay  be 
seen    on    Prairie    creek    iu    Otbo  township,    se<-tion  ;!.'».  the  so- 
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called  copperas  beds,  and  at  Wild  Cat  cave  in  Pleasant  Valley 
township,  section  11,  Sw.  i/4. 

SECTION  AT  "COPPERAS  BEDS"  NEAR  THE  MOUTH  OF  PRAIRIE  CREEK 

FSHT, 

i.     Drift   5-SO 

3,    Sandstone,  cross-bedded,  soft,  ferrugiDous, 

containing  concretions  30 

Z.  Sandstone,  conglomeratic,  containing  large 
blocks  of  the  sandstone  found  in  the 
vicinity,  with  (oasil  wood  in  large  pieces. 
The  surface  of  this  portion  of  the  bluff 
is  usually  white  with  Fe  SO,    19 

1.  Conglomerate,  consisting  of  northern  peb- 
bles, quartz  especially  abundant,  though 
f'ome  granites  and  greenstones,  water- 
worn,  small,  none  above  half  an  incb  in 
diameter,  cemented  by  iron  eo  that  per- 
haps 35  or  30  per  cent  of  the  whole  mass 
is  iron.  In  the  center  there  is  a  twu-inch 
streak  of  clay  ironstone  and  three  inches 
of  soft  shale    4 

The  concretions  in  the  sandstone  are  very  abundant  and  of 
all  sizes  from  a  foot  to  a  fraction  of  an  inch.  Many  of  the 
smaller  ones  are  hollow.     Cross-bedding  is  everywhere  conspic- 


Pmirle  oreek. 
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uoas.  At  times  the  lamiofe  are  cnrioasly  contorted,  not  merely 
slanting,  as  is  common  in  cross-bedding,  bat  bent  over  so  that 
they  arch  like  a  bow.  Such  a  stmctore  is  dlfBcolt  to  explain. 
Lateral  or  vertical  pressore  on  plastic,  cross-bedded  sand  may 
acconnt  for  it  Very  common  in  the  Coal  Measure  sandstones 
are  small  shining  particles  of  selenite. 


The  iron  conglomerate,  containing  iron  and  northern  pebbles, 
was  fonnd  only  near  the  month  of  Prairie  creek  and  in  a  ravine 
a  mile  forther  sonth.    Perhaps  one-half  of  the  rock  consists  of 
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small  pebbles  and  the  rest  of  the  cementing  iron.  The  rock  so 
formed  is  verv  hard  and  seems  to  weather  verv  little.  Where  it 
has  been  long  exi)osed  to  the  air  the  i)ebbles  have  fallen  out  and 
the  rock  has  a  vesicular  appearance,  in  color  and  structure  re- 
sembling lava. 

The  coal  seams  of  the  countv  cannot  be  correlated  to  make  a 
continued  series.  In  the  localities  where  coal  has  been  found  it 
seems  to  be  limited  to  rather  definite  areas  each  only  a  few  square 
miles  in  extent.  Two,  three  and  four  seams  may  occui  sci)ar- 
ated  i^enerallv  bv  onlv  a  few  feet  of  shale.  The  districts  now 
l)roducing  most  of  the  coal  aie  the  Lehigh,  (.'rooked  ci'eek  and 
the  Kalo  and  Coalville.  Smaller  (juantities  are  mined  at  Tara, 
Limburg  and  at  the  old  mines  north  of  Fort  Dodge. 

The  Lehigh  coal  belt  is  not  more  than  two-thirds  of  a  mile  wide 
and  extends  from  northeast  to  simthwest  across  section  7,  Webster 
townshi])  and  se(»tion  lo,  Burnside  township.  It  is  crossed  nearly 
in  the  center  bv  the  Des  Moines  river.  On  the  west  side  of  the 
river  Crooked  creek  cuts*  through  it,  and  coal  is  mined:  on  this 
creek  two  miles  from  its  mouth.  On  the  east  side  of  the  creek 
the  pros})ect  holes  of  the  Crooked  Creek  Kailroad  and  ^Mining 
C^ompany  have  found  coal  a  mile  back  from  the  river.  All  of 
the  mining  has  been  done  along  the  river  and  Crooked  creek. 
The?  coal  lies  in  four  seams,  one  above  the  other,  so  that  ])ros- 
pect  holes  often  pass  through  more  than  one  seam.  The  seams 
vaiy  (considerably  at  different  i)oints.  All  of  the  seams  have 
jnoduced  or  are  ju-oducing  coal,  but  the  coal  from  the  Tyson 
seam  is  regarded  as  the  best  and  this  seam  up  to  date  has  been 
most  extensively  worked.  The  llari)er  seam  is  thirty  feet  above  the 
water  of  the  river:  the  Tvson  is  twentv  feet  above  water  level; 

the  l^ettv  seam  is  ten  to  twentv  feet  below  water  level,  while  the 

.  .  ' 

Bier  is  fortv  feet  below  the  Prettv  seam.  The  two  seams  above 
water  level  have  been  worked  by  drifting  into  the  banks  of  the 
river,  the  banks  of  Crooked  creek,  and  the  sides  of  the  numerous 
ravines  in  the  vicinity.  The  Pretty  seam  and  the  Big  seam  are 
reached  by  shafts.  The  Big  seam  is  said  to  lie  at  a  unifonn 
level,  but  the  other  .seams  are  not  so  rea:ular.  The  Tvson  seam 
is  never  more  than  fifteen  hundred  feet  wide,  and  it  dips  uni- 
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fomily  towards  tlie  center.    There  are  no  signs  of  faulting  in  tlio 
region. 

The  following  is  a  composite  section  through  tlu!  U»liigli  coal 
seams : 

I'KKT. 

0.  Drift    120 

8.     Shalo    20 

7.  Coal,  Klatt',  six  inchoH,  lIar|H^r  vt»ln   <*••*'/« 

6.  Sandstone  and  shale    15 

5.  Coal,  Tyson   Keam    4 

4.  Sandstone  and  shale .'10 

3.  Coal,  Pretty  seam  2-:i 

2.  Shale    liO 

1.  Coal,  U\fr  seam,  four  iiicln's  bone  in  cent  it     '*'/«•'*!/« 

The  following  is  a  record  of  a  tyi)ical  prospect  hohi  in  the  Ijv- 
high  region.  This  hole  was  put  down  l)y  the  ('rooked  (Jn^ek  (com- 
pany at  what  is  now  their  shaft  No.  5,  in  the  vaUey  of  Orooked 
creek*. 

FKKT.    IMCIIM' 

22.  Soil    10 

21.  Ked  shale T/ 

20.  Lij^ht  shale <» 

10.  Coal   (Harper  vein?)    'J 

Ih.  Li^ht  shale  4  f'» 

17.  Sand.«tonc    2 

16.  Shale   I 

13,  Black    shale    , 3 

14.  Coal   (Ty.son  vein>   1 

13.  Fire    clav    *J 

12.  Sandstone   ,     J 

11.  Black   j-haJe    Z 

10.  Sand: <oiie  'J 

'J.  i;iack     i^hale     I 

-  CV-al    '/ 

7-  Liirbt    «tfaal^    '/ 

€-  Dark    ifLa.V     :;'/ 

*-  CoaJ  I  Pr#rtty  -.^Iim }   4 

4.  Ilark  »^hal#t '4'4 

3.  Liehl    fcLa;-:    Z 

t,  Khi^k   *^Lai*:    ^  i 

3.  T'/s!    lU'z   ^Tx.'-/ :; 

The  Coalvilfcf  coal  baRiD  iD^rlu'l^  fiv<>  •^itinr^  titiUift  \u  f'kfUJe. 
anl  VaDey  and  ^itbo  tr/frifehi|*-  jjarU  ^/f  ft\x  f^<tot^,,  Tit^:  /y>al 
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lies  in  three  horizons,  the  lowest  or  cannel  coal,  second,  a  rela- 
tively thin  and  insignificant  bitaminous  seam,  and  third,  the 
upper  bituminous,  which  is  the  most  important     The  upper 
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Fig.  <)■    Tba  Coaliillt  coal  b»io. 

bituminous  horizon  is  commonly  regarded  as  made  up  of  two 
seams,  but  this  opinion  is  probably  erroneous.  The  upper  bitu- 
minous coal  extends  from  Holaday  creek  on  the  east  to  a  point 
not  far  beyond  the  river  on  the  west.  On  account  of  the  bend 
in  its  course,  the  river  is  again  made  the  southern  boundary, 
while  its  northern  limit  is  apjjroximately  marked  by  the  north- 
em  boundaries  of  sections  8,  9  and  10,  Pleasant  Valley  town- 
ship. A  limited  portion  of  this  area,  shown  in  figure  8,  contains 
coal  varying  in  thickness  from  six  to  eight  feet.  This  is  known 
as  the  "Big  coal."  The  Big  coal  is  confined  to  a  curiously  nar- 
row and  contorted  strip.  It  is  rarely  over  300  feet  wide  and  often 
only  200  feet.  Its  center  lies  twenty-five  feet  below  the 
rest  of  the  upper  bituminous  horizon.  Its  edges  rise  rap- 
idly, however,  and  all  of  the  upper  bituminous  coal  forms 
with  it  a  continuous  seam.  Because  it  lies  below  the  rest  of  the 
seam  and  is  of  better  quality,  it  is  often  regarded  as  a  distinct 
seam.  The  coal  in  tlie  upper  horizon  outside  of  the  Big  coal 
varies  in  thickness  from  three  feet  to  five  feet.  It  is  generally 
inferior  in  quality  and  some  of  it  is  of  value  only  as  steam  coal. 
It  lies  fifty  feet  below  the  prairie  level,  is  horizontal  in  position 
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and  free  from  fault.    The  BtK  coal  I'linkH  witli  llu>  litttt  cunl  pni 
duced  in  the  countj'. 

The  Coalville  basin  seems  to  liu  )iiirt  of  tlii'  IniUKll  of  till  llll 
iiieot  river.  The  Big  coal  wa»  foniK^l  In  llii>  Hti'oniii  I'liiiiiruO, 
while  the  rest  of  the  seam  rei)re»ent«  the  botloiii  liiiictH.  Tlin  lllt( 
coal  is  too  pnre  to  admit  tlie  belif-f  that  watt'i'  waH  llnwiiiK 
through  the  channel  when  the  coal  wan  lU^iioHiti-il,  and  Ihat  llii' 
vegetable  matter  was  drift  materiui,  'I'lii'  fact  that  aM  yul  it  liaii 
not  been  possible  to  connect  the  tortuouH  nwaioiiH  <if  tin*  ItiK  cohI, 
also  leads  to  the  belief  that  the  liollow  in  which  the  IUk  ''""'  li<*» 
represents  portions  of  a  dewrted  channel,  which  in  )iliu'4t»i  wiu 


filled  in  and  eouwnjiMmtJy  it  at  tim**  Uttri^jj.  'j'h*-  Jiijf  «: 
as  exoeUent  fihak-  ryol'  and  th  wurkt^J  v«ry  tffju'Mtu-^Wy. 
Tlie  sen  eeaiL  u  kuuwn  ah  Hi^  '  ',*j\h\iri\.  Ji  it:  louii'J  "ni 
■the  river  and  near  tlw  uiuutl  oj'  Jlwlada*  '-f^^tk.  atjd  wj 
hmtr  or  taiiuel  eual  u-  prnteut  it  i*  Uv^utg  tiiUjti'dif:^ 
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rarely  more  than  two  feet  in  thickness  and  usually  appears  as 
two  seams  slightly  separated  by  a  layer  of  shale.  The  shale  is 
so  thin,  however,  that  the  two  seams  are  mined  together.  -The 
Colburn  seam  is  not  confined  to  the  Coalville  region,  but  from 
Holaday  creek  follows  the  river  north  to  a  point  two  milefe  above 
Fort  Dodge.  It  will  be  described  later  in  connection  with -the 
coal  about  Fort  Dodge.  At  Holaday  creek  i* ''lies' 'IPw^ttty-flVe 
feet  above  the  water  of  the  creek  and  fifby  feet  below  lot^' water 
level  in  the  river.  '  •  '        - 

The  cannel  coal  forms  the  lowest  seam  in  the  Coalville  region. 
Its  edges  rise  above  the  water  of  the  river  eighteisn  or  twentj" 
feet,  but  in  the  center,  as  shown  at  the  Collins  mine,  it  is  on  the 
level  of  the  river  water,  while  across  the  river  at  this  point  it 
is  ten  feet  below  water  level.  Its  cross-section  as  shown  on  the 
river  then,  shows  that  it  is  like  a  saucer  which  is  tilted  slightly 
to  the  west.  All  of  the  cannel  coal  in  the  region  belongs  to  this 
seam.  On  account  of  the  difference  in  the  position  of  the  seam 
at  various  points,  two  and  even  three  seams  are  sometimes  re- 
ported. The  cannel  coal  is  found  in  sections  5,  7,  8  and  17  of 
Tp.  89  N.,  R.  XXVin  W.  These  sections  belong  to  Pleasant 
Valley  and  Otho  townships.  The  exact  extent  of  the  seam  can- 
not be  stated,  but  as  far  as  cun  be  determined  it  is  indicated  in 
figure  8. 

The  following  records  of  prospect  holes  sunk  in  Douglas  town- 
ship, section  8,  Sw.  Vi,  indicate  fairly  the  nature  of  the  strata 
just  above  and  below  the  upper  bituminous  coal*.  These  holes 
were  sunk  in  the  river  slope,  forty  feet  below  prairie  level. 

FEET.    INCHES. 

5.     Soil  and  drift 24 

4.     Shale    9  6 

3.  Coal 3  6 

2.  Fire  clay   1  6  J 

1.  Sandstone 4 

4.  Soil  and  drift    24  6 

3.  Shale .^ 5  7 

2.  Coal    '...'. 3      ,        7 

1.     Black  jack 1 

Coal  in  the  vicinity  of  Fort  Dodge  is  i)ractically  limited  to  the 

*  Auttu>rit J,  Craig  Coal  Company.       .i 


>  J 
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Oolbum  vein.    Tliis  vein  is  well  shown  at  the  pit  of  the   Kiine 
brickyard,  where  the  following  section  is  given: 

FKBT.    INCHXS. 

12.  Drift  and  soil 3 

11.  Shale,   black,  hitiimino-.s    4 

10.  Coal    1              2 

9.  Qav 3             :; 

5.  Coal 5 

7.  Sandstone,   soft    ** 

6.  Fire  clav   5 

.">.     Shale,  dark  Ci>l«»re<l.  iiinniiinons   1  4 

4.  Shale,  bituminous,  fi.oile 1  2 

3.  Shale,  dark  colored   2 

2.  Shale,  light  colored 2  4 

1.  Shale,  dark  colore<l.  expose*!   10 

The  Colbum  seam  about  Fort  Dodge  lies  just  below  the  drift, 
in  the  upjjer  j>art  of  the  Coal  Measures.  If  the  seam  is  really 
continuous  to  Holiday  creek,  as  is  commonly  thought,  its  eleva- 
tion as  compared  with  the  water  level  of  the  river  remains  fairiy 
constant  while  the  Coal  Measures  thicken  rapidly  above  it  to- 
ward the  south.  Across  the  river  from  the  Kime  brickvard  coal 
appears  at  a  lower  level.  This  is  shown  by  the  following  sec- 
tion which  is  taken  one  mile  l)elow  the  MinneaiK)lis  and  St  Louis 
station,  on  the  railroad  track,  in  section  2i>,  Sw.  I4.  Cooi>er  town- 
ship: 

FEET.     INCHES. 

5.  Limestone,  argillaceous,  a  sincrle  s<»li(l  layer     1  0 

7.  Coal 10 

6.  Shale  and  clay 3 

5.     Impure  coal   1 

4.  Carbonaceous  t^bale 1  6 

3.  Coal,  fair  quality 1  <*• 

2.  Sandv  shale,  vellow  < level  of  niilroad  track)     4 
1.     Shale,  nearly  covere<l  with  talus  to  water 

level 25 

In  this  section  numlx^rs  three,  four  and  five  i>robably  i-epresent 
the  Colbum  vein.  In  the  old  mines  alx>ve  Fort  Dodge  the  Colbum 
vein  has  been  of  considerable  economic  imjKiitance.  Just  above 
*Hhe  slide''  in  Douglas  townsliiji,  section  7,  Sw.  ^  |,  on  the  w€st 
bank  of  the  river  the  following  section  is  given: 
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FBBT. 

5.     Drift 8 

4.     Argillaceous  limestone,  single  heavy  layer    2 
3.     Coal   2 

2.  Shale,  fissile,  very  bituminous 44 

1.     Sandstone,   red   and  white,  with   fossils-  of 

coal  plants — to  water 6 

At  the  old  mines  one-fourth  mile  below  this  point  there  are 
two  coal  horizons,  one  corresponding  to  the  coal  in  the  sections 
already  given  which  lies  directly  under  the  limestone,  while  the 
other,  which  is  a  few  feet  lower,  is  probably  the  Colburn  vein.  It 
shows : 

FBBT.    INCHBS. 

3.  Coal    2 

2.     Shale   2 

1.     Coal    6 

These  sections  up  the  river  taken  together  seem  to  be  equiva- 
lent to  the  two  sections  just  below  Fort  Dodge  in  the  vicinity 
of  the  Kime  brickyard. 

The  Limberg  coal  basin.  At  the  mouth  of  Skiller  creek  in  Day- 
ton township  a  single  seam  has  produced  considerable  coal. 
The  mines  are  all  located  in  the  central  part  of  section  16.  This 
seam  is  about  five  feet  above  the  level  of  the  creek  bed  and  is 
mined  both  by  drifting  into  the  banks  pf  the  creek  and  by  shafts. 
The  coal  is  from  two  feet  to  two  feet  four  inches  in  thickness. 
It  lies  very  unevenly,  rising  sometimes  two  feet  in  thirty.  The 
roof  is  a  tough  gumbo  through  which  pebbles  are  scattered. 
The  coal  at  times  suddenly  gives  out  as  though  sharply  cut  oflf 
by  stream  erosion.  There  are  no  signs  of  faulting.  Another 
coal  seam  is  reported  below  the  one  now  worked  but  no  definite 
proof  of  its  existence  was  obtainable.  The  seam  encountered 
in  Dayton  township,  section  18,  which  is  shown  in  a  section  that 
will  be  quoted  later  on,  is  certainly  lower  than  the  one  now 
worked  at  Limberg.  The  belief  which  seems  to  be  common,  that 
the  coal  horizons  at  Limberg  are  to  be  correlated  with  the  seams 
at  Lehigh,  is  not  warranted.  The  various  basins  in  the  county 
are  detached  and  cannot  be  worked  into  a  common  system. 

The  Tara  coal  basin  is  the  only  portion  of  the  county  away 
from  the  river  at  present  producing  coal.     This  basin  includes 
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«6 


sections  33,  34  and  35,  Douglas  township,  section  6,  Elkhorn 
township,  and  probably  adjacent  territory  that  has  not  been 
prospected.  The  coal  lies  130  feet  below  prairie  level  and  the 
seam  is  from  four  to  five  feet  thick  in  the  Martins  and  Timmens 
mine  on  Ne.  14,  Sec.  6,  Elkhorn  townshiji,  in  the  Colford  mine, 
Nw.  1/4  of  the  same  section,  and  in  the  Parel  mine  00  the  Scalley 
place,  in  Sw.  ^4,  Sec.  33,  Douglas  township.  Borings  in  the 
adjacent  territory  indicate  that  the  basin  is  of  considerable  ex- 
tent, but  do  not  show  the  thickness  of  coal  that  is  found  at  the 


96  GEOLOGY    OP    WEBSTER    COUNTY. 

mines  named..  In  Douglas  township,  Sec.  34,  Se.  VI,  five  pros- 
pect holes  were  sunk  and  coal  found  in  each  case  at  about  the 
same  depth  and  under  the  same  general  condition.  A  record  of 
one  of  these  holes  is  given  below: 

FBBT.     INCHES. 

11.  Soil  and  drift   75 

10.     Shale    3 

9.  Blue   clay    8  4 

8.  Coal   1  G 

7.  Clay  ironstone    ? 2  10 

6.  Fire   clay    4  6 

5.  Sandstone 8  9 

4.  Red  clay 3  2 

3.  Sandstone    7  4 

2.  Red  clay  2  4 

1.     Rock   (undet  )    4 

In  section  35,  Douglas  township,  Sw.  y^,  the  following  series 
was  found: 

FEBT.    INCHES. 

15.      Soil 2 

14.     Drift    71 

13.     Red  clay 4 

12.  Sand  1  C 

I  li.     Sandstone    4 

10.     Shale   8  6 

9.  Coal 2  3 

1.  8,    Sandstone 2 

t  7.  Shale 2  2 

j  6.  Coal 0 

!  5.  Fire  clay 3  3 

[  4.  Shale 2  1 

3.  Coal    2  2 

I  2.     Fire  clay   8  9  [ 

j  a>    Red  clay 21  r> 

I  _    . 

I 

TDhere  ie  no  reason  for  believing  that  other  coal  basins  may 
not!  be  found  in  the  county.  Prospectors  whose  experience  de- 
seryes  respect  do  not  think  that  extensive  basins  will  be  found 
aw^y  ftom  the  river.  It  is  hardly  probable  that  new  seams  will 
be  Found  on  the  river.  The  Tara  basin,  however,  is  of  sufficient 
importance  to  justify  prosi)ecting  away  from  the  Des  Moines. 
Twio  miles  east  of  Dayton,  in  Dayton  township.  Sec.  18, 
Nw.  14,  the  Craig  Coal  comjmny  reports  the  following  section: 


36.  Gravel   , ^ 

35.  Yellow  clny    l^  \ 

34.  Sand , \  \< 

33.  Clay  and  sunt! *y  ^ 

32.  Clay M 

31.  Clay  and  Hand »•  u 

30.  SandKtono i  • 

29.  Clay II 

28.  Sand    I 

27.  Clay    U  > 

26.  Sandntone    i 

25.  Clay    ■) 

24.  SandaUme i  t 

23.  CUy V 

22-  Sandie^t^m«' / 

21-  Clar V 

20-  BaiMirU^xu' '/ 

ly,  Chtr '^ 

IK  BaudvWiMr 1 J  4 

1'7,  Gray  nitaU' '^ 

It.  hnjJkKUsUjUfr -^ 

It.  Biial^- 

34.  liif.!*:    <  uini*< .  (       .      .  .  ^; 
IS.  Grsty  itltat^ ^ 

11.  Uu«:i^:    •uiiO*^.*  ^• 

i  Han    rorjr     •  ituu***  •  ^ 

« 

t.  (rra^   tUAa>«  .      .     ^  /< 

C«ua 


« « 


2^        jUu*'     *JiM* 


<« 


1!-  ^^i«|#*'-    '.ac» 


J-      Wm 


<      ^  • 
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FBBT.     INCHES. 

17.  Blue  clay  8  8 

16,  Yellow  clay 5  4 

15.  niufe  clay   10  10 

14.  Rand  11  5 

13.  Clay 17  10 

12.  Sand   1 

11.  Clav     20  4 

10.  Sand   11 

0.  Clay 1  6 

5.  Shale 1  JO 

7.     Coal    3  6 

6.  Fire  clay 1 

5.  Shale 4  0 

4.  liock  (iindet.)   S  11 

3.  Shale 1  7 

2.  Shale  and  black  jack    41  9 

1.  Coal 4 

These  records  indicate  that  there  is  considerable  coal  in  the 
vicinity  of  Dayton  and  the  region  at  some  time  may  become  pro- 
ductive. 

In  the  bed  of  the  Boone  river,  just  across  the  line  in  Hamilton 
county,  two  coal  seams  about  ten  inches  thick  may  be  seen.  These 
seams  probably  extend  into  Webster  county. 

Coal  Measure  Sandstones  in  the  Northern  Part  of  the  County.— 
Along  the  river  in  sections  13  and  24,  Badger  township,  sand- 
stone is  exposed  which  probably  belongs  to  the  Coal  Measures. 
It  lies  directly  on  the  Saint  Louis  limestone  and  at  certain  places 
the  line  of  unconformitj"  between  them  may  be  seen.  In  section 
24  the  limestone  in  the-  fonn  of  great  blocks,  irregular  in  shape, 
is  cemented  by  the  sandstone. 

The  following  section  is  found  on  the  east  bank  of  the  river 
a  little  below  the  mouth  of  Deer  creek  in  Badger  township,  Sec. 
24,  Nw.  Vi : 

FRBT.    INCHRS. 

6.  Drift 3 

5.  Sandstone,  soft,  calcareous 5 

4.  Shale    2 

3.  Siindstone   full    of   small    flint  and   quartz 

f rag-ments  6 

2.  Sandstone,  cross-bedded,  white,  calcareous  1 
1.     Sandstone,  ferrug-inous,  with  small  concre- 
tions*, to  water   3 
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l*he  sandstone  along  this  portion  of  the  river  is  more  definitely 
jointed  than  any  seen  in  the  county.  This  jointing  shows  well 
in  an  exposure  one  mile  south  of  the  county'  line  on  the  east  side 
of  the  river.  The  exposure  is  one-fourth  of  a  mile  back  from  the 
river  on  the  edge  of  the  second  bench :  the  section  reveab? : 


2.     Sandstone.  di.sintecrrate<l   C 

1.  SandMone.  massive,  regiilarlv  and  conspici]' 
nonslj  jointed,  the  joints  running'  north- 
south  and  fire  to  six  feet  apart.  Stone  in 
layers  6  to  IS  feet  thick,  m^jderatelv  hard    6 

A  distinct  unconformitv  between  this  sandstone  and  the  Saint 

m 

Louis  limestone  which  underlies  it  excludes  the  idea  tliat  it 
may  be  merely  a  thickening  of  the  upi>er  sandy  layers  of  the 
Saint  Louis  formation.  It  may  jiossibly  be  the  sandstone  which 
occurs  above  the  gypsum.  It  is  much  more  reasonable,  however, 
to  associate  it  with  the  Coal  Measure  sandstone  whir-h  it  more 
closely  resembles  and  which  is  known  to  occur  }¥>th  north  and 
south  of  these  exfiosures. 

In  a  ravine  on  the  east  side  of  the  river  just  below  Badger 
bridge  sandstone  fonns  a  mural  es^-an^ment  twenty  (*'<:%  high 
for  2««>  vards.  In  manv  wavs  it  resembles  the  Coal  Mea.«ure 
sandstone  in  the  southern  jiart  of  the  f-^mnty:  it  is  yellow  and 
fross-bedded,  but  it  lacks 
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Diiectlv  on  the  Saint  Louis  limestone  or  on  the  ^V^ai  M*<i.-are 

m 

shales,  in  the  central  part  of  the  countj'.  lie*  tlie  gj'psum.    A  wv- 

it  and  associated  with  it  are  thin  sand-stone  layen?    ar.d   s/^e. 
while  below  it  and  evidently  of  the  same  age  is  a  layer  of  ciay 

which  on  the  average  is  four  feet  thick. 

Except  along  the  I>es  Moines  river  and  tributary  ^fTh^ir    tirr 

gypsum   is  whoDy  covered  by  drift.    Away  froi!::  tLe  •tT^e2i::>- 

wells  and  a  limited  number  of  prosf^ect  holes  funiisL  tr.r-  'ilI/ 

data  for  deternjining  tLe  fryi^ran.  anra    ar-d  by  ih*>e  z:.*f^zj^  ;f 

is  impossible  to  dwde  with  gresit  d'-fir.it^iif^^r  tj>r  *ri"V:.*  '^.•f  "^r. 

formations. 
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Natural  exposures  of  gyj)sum  may  be  seen  at  intervals  along 
the  river  from  the  mouth  of  Soldier  creek  to  one  mile  north  of 
Coalville,  and  along  Soldier  and  Two  Mile  creeks.  Of  these 
exposures  the  following  are  selected  as  tj^pical: 

Section  at  **tlie  slide/'  on  west  bank  of  river,  just  opposite 
Blandon  's  mill. 

FEET. 

7.  Drift,  yellow,  unleached,  with  many  lime- 
stone pebbles   35 

0.  Drift,  blue  gray,  unleached,  with  many  lime- 

stone pebbles,  not  sharply  separated  from 

above 20 

5.  Drift,  yellow,  somewhat  darker  than  7,  un- 
leached, with  many  limestone  i)ebbles  ....   10 

4.  Drift,  blue  gray,  unleached 30 

'A.     (Jypsum,  badly  weathered,  exposed 10 

2.  Limestone    containing    Ofbiculoidea    nitida^ 

Orbiculoidea,  siJecies  larger  than  the  pre- 
ceding, Productus  muricaius,  Spirifer 
rockytnoniana ,  a  Pelecypod  like  an  Avic- 
ulopecten,  and  a  species  of  Orthoceras. 
The  stone  is  argillaceous  and  like  the  lime- 
stone which  generally  caps  the  Coal  Meas- 
ures- in  Webster  county 2 

1.  Coal  Measure  shales,  poorly  exposed  on  ac- 

count of  the  hillside  wash GO 

Exposure  on  Two  Mile  creek  in  Gypsum  Hollow,  at  quarry 
of  Lower  Plaster  mill. 

FEET. 

5.  Drift,  yellow,  unleached,  oxidized  vqry  mod- 

erately at  surface  and  along*  joints, 
abounding  in  limestone  pebbles,  contain- 
ing at  one  point  a  pocket  12  feet  long  and 
one   foot   thick   of   R«tratified   sand   in   the 

shape  of  crescent  30 

4.     Ked   sandy   shale    0-4 

3.  Gypsum,  massive,  in  places  moderately  fold- 

ed, in  layers  from  six  inches  to  two  feet, 
lamina*  averaging  three-fourths  of  an 
inch,   alternating  in  color,  gray  and  white  20 

2.  Fire   clay,    th illness    undetermined. 

1.  Shale  and  sandstone  (passed  through  in 
drilling  well  at  lower  mill  of  the  Tlaster 
Com|Miny  )    100 

Along  the  river  above  the  Minneapolis  &  St.  Paul  railroad 
tracks  the  gypsum  appears  for  500  feet,  in  section  32,  Cooper 
township. 


1  *  • 


•••       -• 
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Exposures  along  Soldier  Creek.— In  following  Soldier  creek 
towards  its  mouth  nothing  but  drift  was  seen  above  section  17, 
Cooper  township,  Ne.  Vi-  Here,  in  cuttings  along  the  Minne- 
apolis and  St.  Louis  track,  which  follows  the  creek  l3ed  from 
this  point  to  Fort  Dodge,  red  sandy  shales  api)ear.  A  little  fai'- 
ther  down,  in  the  Sw.  Vi  ^f  the  same  section,  the  railroad  in 
grading  its  road  bed  has  cut  through  these  shales  exposing  above 
them  four  feet  of  finn  calcareous  sandstone  upon  which  rest 
thirty  feet  of  drift.  On  the  road  leading  to  the  cemetery  much 
grading  has  been  done  to  bring  the  road  bed  down  tcr  the  valley 
of  Soldier  creek.    In  this  cutting  the  following  section  is  given: 

FEET. 

2.  Drift,     fresh    looking,  with  limestone  peb- 

ples  unleached  15 

1.  Shale,  red,  sandy,  somewhat  disintegrated.     6 

Two  hundred  yards  farther  down  the  creek,  just  south  of  the 
cemeterj^  the  first  gypsum  on  the  creek  appears.  A  ledge  ten  feet 
high,  heavily  bedded,  rises  from  the  water's  edge.  Along  the 
stream  near  this  point  Coal  Measure  shales  are  exposed  and  with- 
out doubt  underlie  the  gypsum  at  this  exposure. 

On  going  down  the  creek  200  yards  farther,  in  Cooper  town- 
ship, Sec.  17,  Sw.  14,  one  of  the  best  exposures  on  the  creek 
may  be  seen: 

FfcET. 

3.  Drift,  yellow,  unleached  10 

2.  Red,  sandy,  calcareous  s-hales — with  layers 

of  pure  sand  usually  white,  from  %  inch 

to  a  foot  in  thickness 30 

1.    Gypsum,  massive  to  water's  edge 7 

One  hundred  yards  farther  down  the  stream,  at  the  water  level 
and  for  three  feet  above  it,  the  Saint  Louis  limestone  is  exposed, 
which  in  turn  within  another  100  yards  gives  place  to  shale.  This 
change  at  water  level  from  gypsum  to  Saint  Louis  limestone, 
and  from  limestone  to  Coal  Measure  shale,  is  unusual;  but,  as 
has  already  been  explained,  it  simply  illustrates  the  unevenness 
of  the  surface  of  both  limestone  and  Coal  Measures. 

The  exposure  at  what  was  formerly  known  as  Kohl 's  brewery, 
near  the  mouth  of  Soldier  creek  and  within  the  Fort  Dodge  city 


•  • 


•  • 
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limits,  has  long  been  regarded  as  typical  for  the  gypsum  and 
associated  red  shale. 


«  9.     Grovel,  fresh,  clean,  well  water-worn,  con- 

"  taining'  much  limestone  S 

S  8.     Drift,   slightly  unoxiJized,   unleaohed.'. 28 

•I  7.     Grnvel.    rusted,    ninny   decoyed    frogments, 
2  showing  only  at  certoin  points  along  bluff    ■ 

g  .  6.     Sondatone,  soft,  friable,  buff  colored,  though 
^=  nt  points  not  far  away  it  is  white  and 

"I  heavily  bedded   5 

"dd  5.     Shales,  argillaceous,  sondy  loyers  alternat- 

i.      '"^ > 

■  =4.  Sandstone,    buff,    friolile    2 

^  £   3.  Shale,  gray  S 

S       2.  Thin  bands  of  gypsum  ond  e^iolc  7 

X'5    1.  Gypsum,  mossive  (exposed) 11 

H  ^Section  in  the  pit  of  tlie  Fort  Dodge  Clay  Works 

~S  FBBT. 

S  ■  3.    Drift,  yellow,  imlcached,  lower  part  a  little 

="  darker  than  the  upper 35 

,iX  S.     Ked  Handy  s'hale  with  occuHJunal  thin  bands 

'j  of  sandstone   10 

J  ,  1.    Gray  Coal  Measure  shales,  often  containing 
,g  foKsilM  of  ferus  and    lepldodcndrons.  A  few 

ts  iron  nodules  present,  and  crystalK  of  selen- 

eJ  ite.     Separated  from  red  i'hales  obove  by 

£2  sharp  line  tit  unconformity.    Along  the  line 

£j  of  separation  there   is   o    loyer   of   gumbo, 

5.E  one  foot  thiclc  30 

Sj  No.  2  includes  the  red  shales  found  in  so  many 
jij  places  above  the  gypsum.  These  red  sandy  shales 
.Ss'are  so  characteristic  and  are  associated  so  con- 
Ssfoimably  with  the  gypsum  fliat  they  may  safely 
S"be  regarded  as  of  the  same  age  as  the  gypsum. 
I^S  The  occurrence  of  the  light  colored,  calcareous 
s".  sandstone  free  from  fossils  wit!i  these  red  shales 
u|is  also  significant.  In  a  ravine  funning  back 
2|  from  tile  Nortli  Lizard  near  the  railroad  bridge 
^  in  Douglas  township,  section  8,  Nw.  Vi.  the  fol- 
lowing section  is  given :    - 


4.     Drift   10 

3.     Gravel  and  bowlders  3 

2.    Red  snndr  shales  -T. . ,  10 

1.    Sandstone  dipping-  10  degfrees  to  the  eost, 

crosE-bedded,  in  places  fissile,  often  unce- 

mented  and  appearing   as  sand,   white  or 

yellow,      without      fossils.      conformable 

with  Z   10 

Keyes  associated  the  sandstones  and  shales  in  this  exposun; 
with  those  which  overlie  the  gypsum  and  this  is  apparently  their 
proper  place.  There  can  be  no  doubt  that  the  red  shales  of  the 
Fort  Podge  Clay  Works,  both  in  the  south  end  of  their  old  pit 
and  in  their  new  pit  on  the  left  bank  of  Lizard,  belong  to  the 
gypsum  series.  The  unconformitj'  between  the  red  shales  and 
Coal  Measure  shales  is  distinct.  The  presence  of  sandstone  with 
both  of  these  shales  renders  more  difficult  the  proper  correlation 
of  certain  sandstones  in  the  northern  i>art  of  the  count>-.    These 


Expomre  of  gypaam  on  Boldlpr  creek. 


sandstones  are  reported  by  well  drillers,  and  some  apparently 
belong  to  the  Coal  Measures  while  others  may  be  associated  with 
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the  gypsum.  The  last  statement  applies  to  those  sandstones 
which  are  said  to  occur  with  shales  of  a  deep  red  color  or 
*  *  ocher.  ^^ 

To  determine  the  extent  of  the  gypsum  where  tliere  are  no 
natural  exix)sures  is  a  difficult  problem.  The  width  of  the  de- 
posit north  and  south  is  probably  given  accurately  by  the  ex- 
posures along  the  Des  Moines  river.  Its  length  or  extent  east 
and  west  must  be  determined  by  borings  passing  through  the 
drift,  which  here  averages  eightj'^  feet  in  thickness.  Reference 
to  the  maps  accompanying  this  report  will  show  that  the  wells 
in  the  following  table,  in  which  gypsum  was  found,  lie  in  a  rather 
definite  zone. 
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1(& 


WELL  DATA  FOR  CENTRAL  AND  NORTHERN  WEBSTER  COUNTY 


TOWJORIP. 


SKCTION. 


AUTHOKITY. 


DEPTH 
IN  FBBT 


STRATA    FAMED  THKOUGU. 
TH1CKIC15S  IN    FSBT. 


tvark. 


Kmrk 


Badcer 
Badger. 

Bvdsrer. 
Badffer. 
Badier. 


Badger. 
Badger. 
Badger 
Badger. 

Badger. 
Badger. 
Badger. 
Badger. 
Badger. 

Badger , 

Badger. 


Badger 

Badger  


Colfax 
Colfax  . 
Colfax  . 
Colfax  . 
Colfax 
Cooper 


Cooper , 

Cooper 

Cooper 

Cooper  ...  .. 
Cooper  ...  . 


Cooper  .. 
Cooper.., 
Cooper  .. 
Cooper.. 
Cooper.., 
Cooper . . , 


Cooper 

Donglai 

DooitJaa 

Washington... 

Otho 

Elkbom 

Eliboro 


Clay 

Elkhora^. 


Sec.  17,  Sw.  % 


CreamerT  at  Vincent. 
Sec.  3«,  Nw.  }i    ...  . 

O'  C  .    A^f     AW*    tC  *  •  •  •  •  • 

Sec.  3!.  Sw.  M 

Sec.  31,  Nw.  J4, 

Sec.  3i,  Sw.  Ji     — 

Sec.  29.  Nw.  M 

Sec   21,  Sw.  \i  

Sec.  34   Sw.  J^ 

Sec.  1  f ,  Sw.  % 

•DCv •   I^«     V*  •     7^  •  •  •  ■  •  •  • 

Sec.  11,  Nw.  K 


Scbmaker. 


Scbmaker.  . 
I.  J.  Meyer. 
J.J.  Meyer 

.  Mey«r 
.  M«yer. 
.  Meyer. 


•  •••  ••  •  •  ' 


]    I  Ms 

J.  J.  Me 


yer 

yer 

eyer. 


■  a  •  • 


LJ.  Meyer, 
ppiot 

Lappiot 

Lat  plot     .  . 
Lappiat  .... 


Sec.  10,  Nw.  %. 
Sec.  16,  Sw.  \i. 
Sec.  33,  Nw    hi 
Sec.  33.  Nw.  5i 
Sec.  20,  Sw.  %.. 

Sec.  10,  Sw.  M . . 

Sec.  31,  Se.   % 

Sec.  33,  Sw.  M 
Sec.  34,  Sw.  }i 

Sec.  18,  Sw.  ^     Lappint 

Sec.  17,  S.  H Lappint. 

Sec.  8,  Sw.  % Lappiot 

Sec.  9,  Nw.  ii ii    i-  Meyer, 

Sec.  7i  Nw.  % J.  J.  Meyer. 

Sec.  4.  Ne.   H '  Ltppint.... 


Meyer. 
Meyer 
Meyer. 
Meyer. 


•  •  •  •  •  I 


Lapfint 

Lappint 

Lappint 
Lappint , 


Sec.  9.  Nw,  % 
Sec.  II.  W.  Vt 
Sec.  31.  Ne  5i 
Sec.  ij,  Sw.  Vi 
Sec.  13,  Sw.  % 


Lappint  

Lapjp^ct 
Craig  Coal  Co 

Lappint 

Lappiot    


Sec.  s6.  S.  ^  . 
S;c.  26,  Nw.  H 
Sec.  31,  Sw.  Ji  . 
Sec.  28.  Se.  ^4.. 
Sec.  8,  Nw.  H.. 
Ssc.  16    


Lappiot  ... 
Lappiot 

Lappiot 

}.  I    Meyer 

M^'yer. 

Meyer. 


Sec.  10,  Nw.  W 
Sec.  36.  Se.  5i. 
Sec.  If.  Se.  H 
Sec.  11,  Ne.  H  ■ 
Sec  7,  center. , 
Sec.  2S,  Sw 
Sec   6.  N.  K 


•  •      •  «  • 


U 


J    J    Meyer 

Craig  ''cr«l  Co 

J.  J.  Meyer 

Lappint 

Keyet'  report 

Lappiot  

Lappiot  


Sec.  8.  Nw    U 
Src.  31,  Se.   I4 


Raainatido  tc  Siooe. 
Kaifnuaa<^o  He  Stone 


126 

80 
118 
130 

96 
110 


70 
120 
12s 


110 

140 

IC04 
144 

118 
108 
70 
110 
113 

116 

110 

Vt 

SO 

131 
106 

07 

90 
7S 
42 

lis 

81 

lOf 

71 
08 

""i 

too  I 

199 

ISO 

70 

«96 

1^2 


Drift    and    biue    clay,    below 

which  waigypanm. 
Drift,  16;  gypsum ,  14. 
Wholly  in  drift. 
Drift,   7c:  landitone,   4:  ciay. 

ic;  aanditone.  30. 
Drift.  80;  landitone,  x6 
Wholly  io  drift. 
Depth    not    known,     entered 

randitone  under  drift. 
Drift,  68;  landitonc,  71 
Drift,  100;  aandatone  20. 
Drift.    S<:    landat  ne,    8;   foft 

■andiitone,   4c;  ciay,  2;  aand- 
atone, 90. 
IJritt    19;  landiton^,  30. 
Drift,  90;  iauditoue,  So. 
Drift,     00:  entered  landftone 
Drift,    Se;   laodttone,    4:    red 

clay,  60. 

Drift    10:;  hard  aanditore.  18. 
Wholly  io  drift. 
Drift.  So;  litneitone,  ». 
Wholly  in  drift. 
Driit.  SO'  itoditsne,   6;  day. 

so;  tanditone,  7 
Drift,   Go;  taudatcne,  6;  clay. 

20;  limeiton^.  30. 
Drtf*,   80;  red  clay,   40;  land- 

»t  jne. 
Dr  ft,  9o;»toppedin  landitone. 
iirift,   so*  iinditone,    i;  lime- 

itone,  17' 
Drift,  4V;  enter  gy  ptnm  S  inrhei. 
Drift.  00;  ihale,  6  ;  limeatone. 
Drift,  60:  gyiiUD,  13. 
(Jrifr,  I2<;  landitone,  7. 
Wholly  in  drift. 
Drift,   40;  red  clay.   10;   lime* 

■tone.  7' 
Drift,  8Si  lioieitone,  S- 
l>rift,6o:  ianditone.4;  gypiom. 
Drift,  26;  gypiom.  16. 
I>rift,  IK,  limeitone,  S 
Drift.   70;  landitonr,    s:   gyp- 

laiii,  9. 
Drift,  too:  limeitone,  1. 
Drift.  60;  gfpium.  20. 
Dnft.  47;g)piuii»,  25. 
Drift,  y,:  gypiom.  2X. 
Dnft,  70,  laoditooe. 
Drift,  7Si  landitone.  4:  clay,  4; 

iindfttone,  4, 
Drift,  8c;  landitone,  t?. 
Drjft.  7*;  ^ypium,  18. 
I.>riit,  I3S'.  land.  14- 
Drift,  So;  landitone.  4S. 
f>r.ft.  S7;  Kypiom,  «. 
Drift  o\er]yiog  iiodftooe. 
Drift  anJ  Coai  Meaiurci.    Mo 

gypiam. 
Dnft,    ibale   and   So    feet    of 

limeitone. 
Sbale  and  12  feet  of  limeitone. 


*  Other  welli  of  which  recordi  were  obtained  in  Elkboro  townihip.  were  ibillow  and  did  not  go 
through  the  drift. 

RECORDS  OF  PROSPECT  HOLES 

The  following  re^Hjrd.s  of  prosjHH't  liol<*s  also  throw  lit^ht  upon 
the  extent  and  i?tiati^rajihi<r  rehttionship  of  fhi*  ;<yj>sijffi. 

8  G  Rep 
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Cooper  township,  Sec.  33,  Ne.  ^/i,  near  bottom  of  valley  of  Two 
Mile  creek.* 

FEET.    INCHES. 

29.     Creek  silt  0 

28.     Yellow  clay 14 

27.     Ked  shale  6 

26.     Gypsum 16  10 

25.     Fire  clay 1  6 

24.     White   sandstone    2 

23.     Brown  t:«indstone   1 

22.     Ked  clay 2 

21.     Yellow  clay 2  4 

20.     Shale   13  6 

19.     Clay  irons':'tone   ?    1 

18.     Fire  clay 3  1 

17.     Shale    3 

16.     Coal    1  7 

15.     Sandstone    3 

14.     Fire  clay 2  2 

13.     Shale  and  black  jack  3 

12.     Sandstone    1 

11.     Shale    7 

10.     Fireclay    4  3 

9.     Sandstone 1 

8.     Shale     4 

7.     Soft    sandstone    2 

6.     Shale 4 

5.     Fire  clay    1  6 

4.     Shale    3 

3.     Soft  sandstone 4 

2.     Shale    3 

1.     Linieh;'tone   6 


100  G 


Pleasant  Valley  township,  Sec.  4,  Se.  i/4*. 


FEET.   INCHES. 

9.  Soil   3 

8.  Yellow  clay 10 

7.  lilue  clay 30 

6.  Ked   shale    4 

5.  Shales    \ 30 

4.  Kock  (undet.)  1  lo 

3.  Shale   9 

2.  Coal   2  7 

1.  Black  jack 8 


*  Authority,  Cruig  Coal  Ccropaoy. 
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On  the  same  quarter  sectiou : 

FEET.    INCHES. 

6.  Soil 2 

5.     Yellow  clay 17 

4.  Blue  clay  25  6 

3.  Red  shale  2  6 

2.  Gypsum    12 

1.  Shale    5  6 

Douglas  township,  Sec.  36,  Se.  Vi  (on  what  is  known  as  the 
Bassett  farm). 

FEET.    INCHES. 

15.  Soil 2 

14.  Yellow  clay 8 

13.  Blue  clay  and  sand  36 

12.  Red  sandy  K-hale 30 

11.  Gypsum '. 1 

9.     Yellow  iihale 7 

8.  Gypsum 17  7 

7.  Shale    15  6 

0.  Rock   (undet.)    1  3 

5.  Sandstone   6 

4.  Coal 5 

3.  Fire  clay 5  1 

2.  Shale    1 

1.  Brown  sandstone 1  6 

119  9 

Well  on  the  Webster  County  Poor  Farm,  Elkhorn  township. 
Sec.  3,  Sw.  i/i. 

FEET.    INCHES. 
23.      Soil    2 

22.     Yellow   clay    13 

21.     Blue  clay 47 

20.     Sand 1  6 

19.     Red  shale 19  4 

18.     Gypsum    17 

17.     Blue  E'hale  6  2 

16.  Limestone  2 

15.  Coal 9 

14.  Fire  clay 1  6 

13.  Shale,  light  colored 1  4 

12.  Coal   1  3 

11.     Sandstone 4 

10.    Black  shale 4  2 

9.  Coal 3 

8.  Fire  clay 1 
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FKKT.      INCUES. 

7.     Sands? time,  white    4  6 

6.     Shale,  witli   limestone  bands    34  G 

r>.     Shale,  Iii»-ht  enlored   5 

4.     Shale,   blue    4 

:{.     C'aleareous  shale 6  5 

2.     Shale,  bine 21  2 

1.     Limestone     (i)enetrate(l)     40 

()u  the  Sw.  1/4  of  Sec.  6,  Otho  townsliij),  on  which  are  located 
tlie  mines  that  supply  the  Duncomb  Plaster  Mills,  ten  prospect 
holes  gave  the  following  records: 

No.  1.  4G  feet  all  in  drift. 

No.  2.  50  feet   in  drift  and   shale,  10  feet  gypsum. 

No.  :j.  4.')  feet   in  drift  and  shale,  15  feet  gypsum. 

No.  4.  50  feet   in  drift  and  shale,  7  feet  gypsum. 

No.  5.  50  feet   in  drift  and  shale,  4  feet  gypsum. 

No.  0.  41  feet  in  drift  and  shale,  11  feet  gypsum. 

No.   7.  (In  a  hollow)  0  feet  of  drift,  11  feet  gypsum. 

No.  «s.  3H  feet   drift  and  .shale,  Gy^  feet  gypsoim. 

No.  1).  54   feet    drift   and   shale,    12    feet   gypsum. 

No.  10.  45  feet  drift  and  shale,  20  feet  g^'psi'um. 

At  the  Mineral  City  Plaster  Mill,  in  Cooper  township,  Sec. 
•J4,  Nw.  Vi,  three  prosi)ect  holes,  58,  70  and  74yo  feet  deep, 
gave  sixteen  to  eighteen  feet  of  gypsum,  covered  by  red,  sandy 
shale. 

The  Region  in  irJiich  Gypsum  Uudcrlics  the  Drift.— The  well 
data  and  records  of  pros})ect  holes  neither  positively  confirm  nor 
deny  the  suggestion  of  Keyes  that  the  gyi)sum  extends  on  from 
th )  Fort  Dodge  region  through  the  southwestern  part  of  the 
county  and  connects  with  the  chalk  deposits  that  are  found  near 
Auburn  in  the  southeast  corner  of  Sac  county*.  In  the  south- 
wcstein  part  of  the  count\^  most  of  the  wells  do  not  go  through 
the  drift  and  little  positive  data  in  regard  to  the  formations  un- 
der the  drift  were  attiiinable.  Gypsum  was  not  definitely  re- 
l)orted  by  any  well  driller  farther  west  than  the  Bassett  and  the 
Poor  fanns,  two  miles  west  of  the  rivei*.  Evidences  of  gypsum 
as  far  west  as  Moorland  and  Callender  are  too  uncertain  to  make 
it  wise  to  extend  the  gypsum  area  to  tliose  towns.  A  prospect  hole 
drilled  for  F.  J.  Deischmidt  just  east  of  Moorland  by  the  Jasper 
County  Coal  Company  in  search  of  coal,  is  said  to  have  pene- 

•lowiGeol.  Surv.,  Vol.  HI,  p.  285, 
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rrated  gypsum.  TTie  parties  w^ho  possessed  primaiy  knowledife 
•f  this  prospect  hole  luive  aied  and  it  is  impossible  to  ^'orroborafe 
the  report.  Tlie  owner  <»f  the  !and.  iiowever.  is  positive  that 
•'leren  feet  of  good  gjT'Sum  was  round  and  it  is  fair  to  inclnde 
'^his  rei^ion  in  the  possible  irypsnni  area,  as  is  <lone  on  the  nof^m- 
^anying  map.  Xorth  .and  -^ast  rhe  irjnisom  area  may  now  he 
'•>:ronded  hevond  the  iimit  ^vnicn  was  itmnitelv  known  when 
Iveyes  made  Ids  repoit.  At  \'Iu{*ent  Lr^n^sum  »ras  iey)orted  by 
'liose  wiio  drilled  the  «reamery  well.  A  aumber  of  reliable  })er 
-tms  Hxamineii  the  mateiiai  >inuirnt  w  -^v  *iie  nneicet  anti  oro- 
lionnced  it  trypsum.  In  --rder  *«>  r-riiV  ;is  I'ar  as  possible  tlieae 
-rateraents  ivnter  from  ^his  veil,  viiit-fi  vas  said  ro  .^top  jnflt 
■elow  rlie  irypsum.  ^vas  analyze* i     nrii  Miese  r(?sults: 


'  alfinm       xid»» 
"*»ilnhnr  rrioxuif 


.-.uiiai    ■'"•    <;iiLMii:u      ••...iiar.- 


.ll'i     'ts.   ,.»*r  I'.niliMii 


Tlie  iiiirti  pereentaire  "T  ••aii-ium  -iuj>fiati\   'iie  •  art  in  two  thoii- 
-antj.  would  :naii*ate  ^iie    -vi.-rencr     i    ry^  -riin    ii  *iie  iieiirlihor- 

The  treoiofineai  iiiai)  .■UMM.tiu.anv^Tiir  Mi>  -M-Mrr  :naii*ates  I'jeaii- 
ies  \u  whieii  irvr.sum  fMTamr"  -xisr-  iia  ■  uirirosrs  a  larcrer  nren 
n  wni<*ii  iryjjsum  ::iav     e      runa. 


A\\  i^t  the  Lryp>?«um  n  V*'*'<rt-v  ••iinr^.  •Kv\'»'niiir  ^■le  •••atterod 
•rr.^taia  nf  seftmiti^  :i  *;ii*  •  ■  ai  [♦.'asiin'  -•iai»'S.  s  -^irnlariy 
-rmtified  in  Ueav^-  av^-is  "iii.i:  r«'  ii.-:^  '^'S  lan  -!x  arnes 
hiek.  *ommonlv  we»\'.-  :ir':»> 
iiieimess  nt  -wo  .*f>r,  y  ..  - 
•lay.  In  rhielmess  'iip  t-? "-ir 
*ti*«f|  nf  rhinnmir  Mt  «r:nii:a..' 
•e**ms  to  diminish  Mt 
•rtale.  .\t  ICohT^  i.|v.»vm'.--' 
•ear    while  half  ;i 

.>f*f\it9  iiriek  an<l         •-  »^  ■^^'         »• 

'Halps  are  founrf. 
tie    :innn;v^  .-litemate      -trrT:;!! i     •'■*'■' 


.  ^  •  I  >  ■    • 


:i-f:i:hM\ 

■.rr*.       ■ 


•  I'-,     rr.ii!.;;-.!:'        .inximnm 
■  .:.;  •  .>v  •  ,  ■  ill--.-    .*t»r.    n- 


.1  > 


t 


M»r 


:i. 

—  ••''■ 


..4. 


:ii! 
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gypsum  is  remarkably  pure  calcium  sulphate  (CaS04+2  H,0) 
The  lower  layers,  generally  the  lower  three  feet,  are  not 
as  pure  as  the  u})per  and  are  not  used  in  the  manufacture  of 
plaster.  Even  in  these  lower  layers,  however,  the  amount  of  the 
impurities  is  so  small  that  they  seem  hardly  suflScient  to  injure 
the  plaster.    An  analysis*  of  the  upper  layers  shows: 

PHR   CENT. 

Calcium  sulphate  (CaS04   ). 78.44 

Water  of  crystallization  (calculated)  20.76 

Insoluble  matter  (impurities) 65 

An  analysis  made  by  Professor  J.  B.  Weems  of  gypsum  taken 
from  the  lower,  middle  and  upper  part  of  those  layers  that  are 
rejected  in  making  plaster  shows: 

PER  CENT. 

Silica   (SiOO    1.92 

Alumina   (AltO>)    1.00 

Calcium  sulphate   (CaSOi)     76.28 

Watert    20.72 


.Total     99.02 

AVhen  made  into  plaster  this  lower  layer  while  soft  will  not  ad- 
here to  the  lath  satisfactorily.  In  tlie  calcining  kettles  it  sticks 
to  the  sides  and  so  causes  trouble.  After  hardening  it  is  as  firm 
and  durable  as  the  plaster  made  from  the  upper  layers  of  gyp- 
sum. 

Tlie  following  divisions  in  the  gypsum  beds  are  commonly  re- 
cognizd  by  the  miners: 

FEET. 

5.     llppcr  rock  suitable  for  plaster  varying  in  thick- 
ness  on  account   of   ditf.crences   in   los«s   due   to 

preg"lacial    erosion    3-12 

4.     Six  foot  seam,  the  best  of  the  plaster  rock 6 

.'{.     Hard  ledj»'e,  not  gfood  for  plaster   4 

2.     Eighteen  inch  ledge  not  good  for  ])laster IV^ 

1.     l?ottom  ledge,  not  good  for  plaster   5 

The  gyi)sum  is  ciy  still  line  throughout,  the  slender  needle-like 
crj^stals  being  arranged  at  right  angles  to  the  planes  of  sedimenta* 
tion.  Though  the  gypsum  is  now  well  preserved  by  the  thick 
mantle  of  drift  that  overlies  it,  at  one  time  it  formed  the  surface 

^  ADBljtis  by  G.  E.  Patrick.     Iowa  Geol.  Surv.,  Vol.  HI,  p.  291. 
t  With  tr&cet  ot  magnesia  and  carbon  dioxide. 
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rock  and  in  conseqn^ice  suffered  considerably  from  erosion  and 
solntion.  When  the  overlying  drift  is  ronoved,  tlie  surface  of 
the  gypsum  everywhere  appears  deeply  trenched  and  worn.  Some 
of  the  trenches  cut  half  way  through  the  entire  de)V>sit  At  times 
the  gypsum  is  wholly  cut  out  and  records  of  drillings  at  }x>ints 
wholly  surrounded  by  gypsum  show  only  gravel.  Trenches  are 
frequently  encountered  in  mining  the  gypsum,  when  they  cause 
considerable  trouble.  When  exposed  along  ravines  the  gyi>sum 
is  decayed  on  the  surface  to  a  depth  of  three  or  four  inches.  The 
deep  trenches  in  the  gypsum  are  probably  due  as  much  to  tho 
action  of  water  as  a  solvent  as  to  its  power  as  an  erosive  agent. 
Wherever  the  gypsum  has  been  exjwsed  in  ledges  for  a  i>eriod 
of  years,  it  is  picturesquely  grooved  and  fluted. 

AGE  OF  THE  GYPSUM  AND  ASSOCIATED  DEPOSITS. 

In  considering  the  age  of  the  gj'psuni  the  red  shales  which 
accompany  it  must  be  kept  in  mind  for  they  are  very  closely  as- 
sociated, as  shown  by  exposures  along  Soldier  creek,  where  thin 
layers  of  gyj^sum  are  found  in  the  shales.  Wherever  they  were 
not  removed  by  preglacial  erosion  these  shates  overlie  the  gyih 
sum  conformably.  Their  extent  is  greater  than  tliat  of  the  g>'p- 
sum  and  in  the  pit  of  the  Fort  Dodge  Clay  Works,  as  already 
described,  they  may  be  seen  resting  unconformably  on  the  Coal 
Measures.  In  Douglas  township,  section  8,  there  is  a  good  exi>o- 
sure  of  these  re<i  shales  which  is  six  miles  northwest  of  any  known 
gypsum.  Their  color  is  striking,  often  brilliant,  and  for  this 
reason  they  have  been  used  to  some  extent  as  a  natural  pigment. 

The  fact  that  the  gypsum  and  the  red  shales  lie  unconfohnably 
on  the  Coal  Measures  is  good  ground  for  believing  that  if  they 
belong  to  the  Paleozoic  era  they  were  formed  near  its  close,  dur- 
ing the  Permian.  The  Permian  beds  of  Kansas,  Indian  Terri- 
tory and  Texas,  which  contain  quantities  of  gypsum,  are  so  high- 
ly and  so  characteristically  colored  that  they  are  known  as  tlie 
*  *  red  beds. ' '  These  red  beds  like  the  red  shales  and  gypsum  of 
Iowa  are  nearly  destitute  of  fossils,  due  probably  to  the  fact 
that  the  climatic  conditions  favoring  deposition  of  gyj)suni  were 
hostile  to  organic  life.  Aridity  is  the  climatic  characteristic  most 
essential  for  great  deposits  of  gypsum,  and  the  redness  of  the 
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the  jtrypsum.  The  last  statement  applies  to  those  sandstones 
which  are  said  to  occur  with  shales  of  a  deep  red  color  or 
*  *  oclier.  ^^ 

To  determine  the  extent  of  the  gypsmii  where  tliere  are  no 
natural  exposures  is  a  difficult  problem.  The  width  of  the  de- 
posit north  and  south  is  ])robably  given  accurately  by  the  ex- 
posures along  tlie  Des  Moines  river.  Its  length  or  extent  east 
and  west  must  be  determined  by  borings  passing  through  the 
drift,  which  here  averages  eighty  feet  in  thickness.  Reference 
to  the  maps  accompanying  this  report  will  show  that  the  wells 
in  the  following  table,  in  which  gypsum  was  found,  lie  in  a  rather 
definite  zone. 
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WELL  DATA  FOR  CENTRAL  AND  NORTHERN  WEBSTER  COUNTY. 


TOWNSHIP. 

SBCTION. 

AUTHORITY. 

DEPTH 
IN  FBBT 

STRATA    PASSED  THROUGH. 
THICKNESS  IN   FEET. 

Newark 

Sec.  a7,  Sw.  %  

Sell 

imaker 

126 

Drift    and    blue    clay,    below 
which  waa  gypaum. 

Newark    

CreamerT  at  Vincent. 
Sec.  32,  Nw.  M    .... 

Scfa 

imaker 

80 
118 

Drift,  C6;  gypsom,  14. 
Wholly  in  clrift. 

Newark 

.  Meyer 

Badgjr 

S*c.  *5,  hw.  M 

.  J.  Meyer  

130 

Drift,   7c;  sandatone,   4;  clay, 
2;;  sandstone,  30. 

BadgT 

Sec.  31,  Sw.  K 

.    .  Meyer  

96 

Drift    80;  sandstone,  16. 

Badger 

Sec.  31,  Nw.  *!i 

.    .  M^yer 

110 

Wholly  in  drift. 

Badger 

Sec.  31,  Sw.  5i    

\  .\  .  Meyer 

Depth    not    known,     entered 
Fandstone  nnder  drift. 

Bpdger 

Sec.  29,  Nw.  H 

.  1.  Meyer      

70 

Drift,  68;  sandstone,  72 

Badger 

Sec   22,  Sw.  K  

.  J.  Msyer 

120 

Drift,  100;  sandstone   20. 

Badger 

•SvC.  34'   i^W.  71  •••••••• 

.  J.  Meyer 

125 

Drift.    S!;    sandst  ne,    8;   soft 
sandstone,  4c;  clay,  2;  sand- 
stone, 90. 

Badger 

•dec.  I',  dw.  7% •.•.•••• 

. 

.  Meyer 

120 

Drift    19;  sandstone,  30. 

Badger 

.  Meyer  

140 

Drift,  90;  saLdstone,  So. 
Drift.     00:  entered  sandatone. 

Badger  

Badger 

.  •  . 

.  Meyer 

ICOt- 

Sec.  92,  Nw.  5i 

.  • 

f.  Meyer 

144 

Drift,    8c;   sandstone,    4;    red 

clay,  60. 

Badger 

Sec.  90,  Nw.  % 

\.  J.  Meyer 

Lappint 

118 

Drift.  10:;  hard  sandstore,  18. 

Badger 

Sec.  16,  Sw.  % 

108 

Wholly  in  drift. 

Badger 

Sec.  33.  Nw   M 

Lappint 

70 

Drift,  So;  limestone,  20. 

Badger 

Sec.  33.  Nw.  %  

Lappint     

120 

Wholly  in  drift. 

Badger 

Sec .  20,  Sw.  % 

Lappi&t 

"3 

Driit,  so;  sandstsne,   6;  clay, 
so;  sandstone,  7 

Badger 

•seCt  90,  oWt  7r4 •..«•••• 

Lappint  

116 

Drift.   60;  sandstone,  6;  clay, 
20;  limestone,  30. 

Badger 

Sep.  32.  Se.  J^  

Lappint  

120 

Di\l\  80;  red  clay,   40;  sand- 
stone. 

Badger 

Sec.  33,  Sw.  M  

Lappint. 

ir 

Drft,  90;  stopped  in  sandstone. 

Badger  

Sec.  34.  Sw.  \i 

LiDPint 

Drift,   so;  sandstone,   i;  lime- 
stone, 17. 

Colfax 

Sec.  18,  Sw.  K    

Lappint 

50 

Drift,  49;  enter  gypsnm  s  inches. 
Drift,  00;  shale,  6  ;  limestone. 
Drift,  60;  gypsum,  93. 

Colfax 

Sec.  17.  S.  H 

Lappint 

15 

Colfax 

Sec.  8,  Sw.  H 

Lappint         

Colfix 

Sec.  9,  Nw.  H 

.  Meyer 

132 

Drifr.  12c;  sandstone,  7. 

Colfax 

Sec.  7,  Nw.  M 

■ .     .  Meyer 

i56 

Wholly  in  drift. 

Cooper 

•bee.  4i  Me.  7^ 

Lippint 

67 

Drift,   40;  red  clay,   90;   lime- 
stone. 7. 
Drift,  8s;  limestone,  5. 

Cooper 

Sec.  9.  Nw.  Ji 

Lappint 

90 

Cooper 

Sec.  12,  W.  H 

Lappint            

7S 

Drift, 60;  sandstone,^;  gypsnm. 
Drift.  26;  gypsom,  16. 

Cooper 

Sec.  31.  Ne  M 

Craig  Coal  Co 

42 

Cooper  

Sec.  9?,  Sw.  M 

Lappi'-t 

12$ 

Drift,  120;  limestone.  S- 

Cooper 

sec.  93.  ow.  A........ 

Lappint    

81 

Drift,   70;  sandstone,    9:   gyp- 

Cooper  

Sec.  96,  S.  %    

Lappint  

lOI 

suiu,  9* 
Drift,  100;  limestone,  i. 

Cooper 

S;c.  96,  Nw.  M 

La] 

ppint      

80 

Drift,  60;  gypsum,  20. 

Cooper  

Sec.  34,  Sw.  }i 

Sec.  28.  Se.  U 

La 

ppint 

7* 

Drift.  47;  gypsum,  2$. 

Cooper 

.    •    1 

Meyer    

68 

Drift,  Sm  gypsum,  21. 

Cooper 

2)ec.  0,  Mw.  ^4 •••••••• 

Meyer 

50f 

Drift,  70,  sandstone. 

Cooper 

S3C,    16 

.  M^ver 

87 

Drift,  7S;  sandstone,  4;  clay,  4; 
sandstone,  a. 

Cooper 

Sec.  10,  Nw.  \i 

J.  J    Meyer 

100 

Drift.  80:  sandstone,  to. 

Donglas 

Sec.  36.  Se.  Va, 

Craig  Coal  Co 

109 

Unft,  76:  i?ypsum,  18. 

DonKlas 

Sec.  II,  Se.  H 

J.  J.  Meyer 

Lappint  

150 

Drnt,  i3S;  sand,  14. 

Washington.... 

Sec.  12,  Ne.  \i 

95 

Drift,  So;  sandstone.  4S. 

Otho 

Sec.  7.  center 

Keyes'  report 

•  •  •  • 

Drift,  S7;  gypsum,  r. 

EUborn 

Sec.  9S,  Sw  »4 

Lappint .. 

70 

Drift  overlying  sandstone. 
Drift  and  Conl  Measures.    No 

Elkborn 

Sec.  6,  ll.%  

Lappint 

120 

gypsum. 

Clay 

Sec.  8,  Nw    V4  -    ... 

Rasmussan  &  Stone.. 

296 

Drift,    shale   and    So    feet    of 

limestone. 

Elkhorn* 

Src.  39,  Se.  H 

Rasmusson  &  Stone. 

252 

Shale  and  12  feet  of  limestone. 

^  Other  wells  of  which  records  were  obtained  in  Elkhorn  township,  were  shallow  and  did  not  go 
through  the  drift. 

RECORDS  OF  PROSPECT  HOLES. 

The  following  records  of  prospect  holes  also  throw^  light  upon 
the  e.xtent  and  stratigraphie  relationship  of  the  gyi)suin. 


8  G  Rep 
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(^ooper  towiisliip,  Sec.  33,  Ne.  ^/i,  near  bottom  of  valley  of  Two 
Mile  creek.* 

FEBT.    INCHES. 

29.  Creek  silt   0 

28.  Yellow  clay 14 

27.  Ked  shale   6 

26.  G^-psum 16  10 

25.  Fire  clay 1  6 

24.  White   sandstone    2 

23.  ilrown  sandstone   1 

22.  Red  clay 2 

21.  Y'ellow  clay 2  4 

20.  Shale   13  6 

19.  Clay  irons-tone   ?    1 

18.  Fire  clay 3  1 

17.  Shale   3 

16.  Coal    1  7 

15.  Sandstone    3 

14.  Fire  clay 2  2 

13.  Shale  and  black  jack  3 

12.  Sandstone    1 

11.  Shale    7 

10.  Fire  clay    4  3 

9.  Sandst  one 1 

8.  Shale     4 

7.  St)f t    sandstone    2 

6.  Shale 4 

5.  Fire  clay    1  6 

4.  Shale    3 

3.  Soft  sandstone 4 

2.  Shale    3 

1.  Linieslone    6 


100  0 

Pleasant  Valley  township,  Sec.  4,  Se.  Vi*- 

FEET.   INCHES. 

9.  Soil    3 

8.  Yellow  clay 16 

7.  niue  clay   30 

6.  Red   shale 4 

5.  Shales   30 

4.  Rock  (undet.) 1            10 

3.  Shale    9 

2.  Coal   2              7 

1.  Black  jack 8 


*  Authority,  Craig  Coal  Cimpaoy. 
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On  the  same  quarter  section : 

FEET.    INCHES. 

6.  Soil 2 

5.     Yellow  clay 17 

4.  Blue  clay 25  6 

3.  Red  shale 2  6 

2.  Gypsum    12 

1.  Shale   5  6 

Douglas  township,  Sec.  36,  Se.  Vi  (on  what  is  known  as  the 
Bassett  farm). 

FEBT.    INCHES. 

15.  SoH   2 

14.  Yellow  clay 8 

13.  Blue  clay  and  sand  36 

12.  Red  sandy  ^?hale 30 

11.  Gypsum '. 1 

9.  Yellow  shale 7 

8.  Gypsum 17  7 

7.  Shale    15  6 

G.  Hock   (undet.)    1  3 

5.  Sandstone    6 

4.  Coal 5 

3.  Fire  clay 5  1 

2.  Shale    1 

1.     Brown  sandst(me 1  6 

119  9 

Well  on  the  Webster  County  Poor  Farm,  Elkhorn  township, 
Sec.  3,  Sw.  14. 

FEET.    INCHES. 
23.      Soil    2 

22.     Yellow  clay    13 

21.     Blue  clay 47 

20.     Sand 1  6 

19.     Red  shale 19  4 

18.     Gypsum    17 

17.     Blue  S'hale  6  2 

16.  Limestone  2 

15.  Coal 9 

14.  Fire  clay 1  6 

13.  Shale,  light  colored 1  4 

12.  Coal   1  3 

11.     Sandstone 4 

10.    Black  shale 4  2 

9.  Coal 3 

8.  Fire  clay 1 
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FKET.       INCHES. 

7.     Siindstone,  white   4              6 

6.     Shale,   with    liint'stoue   bands    34              6 

5.     Shale,  li,i>fht  colored   5 

4.     Shale,   blue    4 

0.  C'aleareoiis  shale C  5 

2.     Shale,  blue 21              2 

1.  Limestone    (penetrated)     40 

On  the  Sw.  Vi  of  Sec.  6,  Otlio  towiisliii),  on  which  are  located 
the  mines  that  supply  the  Dunconib  Plaster  Mills,  ten  prospect 
holes  gave  the  following  records: 

Xo.  1.  4G  feet  all  in  drift. 

No.  2.  r>0  feet   in  drift  and   shale,   10  feet  gypsum. 

No.  :\.  45  feet   in  drift   and  hhale,  15  feet  gypsum. 

No.  4.  50  feet  in  drift  and  shale,  7  feet  gypsum. 

No.  5.  50  feet  in  drift  and  shale,  4  feet  gypsum. 

No.  G.  41   feet  in  drift  and  shale,  11  feet  gy])sum. 

No.   7.  (In  a  hollow)  6  feet  of  drift,  11  feet  gypsum. 

No.  S.  38   feet   drift    and  .shale,  Cy^   ^^^t  g^'psioim. 

No.  9.  54    feet   drift    and    shale,    12    feet   gypsum. 

No.  10.  45  feet  drift  and  shale,  20  feet  gypsjum. 

At  the  Mineral  City  Plaster  Mill,  in  Cooi)er  township,  Sec. 
34,  Nw.  Vi,  three  prosi>ect  holes,  58,  70  and  74yo  feet  deep, 
gave  sixteen  to  eighteen  feet  of  gypsum,  covered  by  red,  sandy 
shale. 

The  Region  in  which  Giipsum  Underlies  the  Drift.— The  well 
data  and  records  of  prosj^ect  holes  neither  positively  confirm  nor 
deny  the  suggestion  of  Keyes  that  the  gyi)sum  extends  on  from 
th)  Fort  Dodge  region  through  the  southwestern  part  of  the 
county  and  connects  with  the  chalk  dei)osits  that  are  found  near 
Auburn  in  the  southeast  comer  of  Sac  county*.  In  the  south- 
wc^stern  part  of  the  county  most  of  the  wells  do  not  go  through 
the  drift  and  little  positive  data  in  regard  to  the  formations  un- 
der the  drift  were  attainable.  Gypsum  was  not  definitely  re- 
l)orted  by  any  well  driller  farther  west  than  the  Bassett  and  the 
Poor  fanns,  two  miles  west  of  the  river.  Evidences  of  gypsum 
as  far  west  as  Moorland  and  Callender  are  too  uncertain  to  make 
it  wise  to  extend  the  gypsum  area  to  those  towns.  A  prospect  hole 
drilled  for  F.  J.  Deischmidt  just  east  of  Moorland  by  the  Jasper 
County  Coal  Company  in  search  of  coal,  is  said  to  have  pene- 

^lowaGeoI.  Snrv. ,  Vol.  HI,  p.  28s, 


struct  or.-  «r 


yATTEH    v»T    THT.    i^TP^rB    KTI^  10> 


oi  lii*  ]»rti?j*ef:  iK-ie  iifivt-  dir-i  azsvi  i;  is  i:r:;x^55>:K*e  to  iv*^':  r^^Hivnn v 
th:  r<-j»c»rL  The  c'WDer  of  ii>r  '^&i53»  hv^vovor,  is  |x>s:liVo  th*! 
f^virjL  feei  C'f  gcK^d  gyits^aiL  -wss  io^nc.  send  ii  is  fair  to  iiicTmV 
trif  Ttsioii  in  tbe  jiCisabie  snrjri-riy^  aiw.,  as  is  oono  or*  i3h'  ^<voim- 
^tfULTiTiij  E-ay-^  Xonh  and  t^asi  lix*  svi^smr*  aiv»a  v.vav  tk>w  K^ 
ejcT-eMed  lie^oifd  the  iiiril  which  w:4s  donnilolv  known  >H"tK>» 
Kt-y^es  manie  his  re}«c»rT.  At  Mntvr.i  fiyvisuir*  was  nt^ixMl^i  by 
iL*  idt-  wbc»  drilied  tbe  ereairiery  welh  A  nnnilvr  of  ivliahVo  jx^r 
S'l-ns  eian-iut^i  tht*  inaieiial  bii»usrht  xii*  by  tiu^  biii*koT  a«d  pi» 
iK»TiiKied  it  gyT»simi.  In  order  to  verify  as  far  as  |x>ssiblo  tl»5>c 
^tatoiDeiits  water  from  this  welL  wliivh  wiu^  said  to  stop  jn^t 
bel«*w  the  gyjisnin,  was  anah'zed   with  those  results: 

Caicfnm    oxiiie    -i^^  ^Ms..  ^v*r  i^ii'.Mon 

SnlphTir  irioxidf' .^^T-.^ 


E*^Tial  to  calciuin  >*.-ipha;e    ,v^^.^ 

Tlie  high  f«eroentage  of  caK-ium  sulphate,  one  {virt  in  two  thou- 
sand, would  indicate  the  existen^v  of  srypsuni  in  the  neiirhln^r 
hood. 

The  geological  map  acivmi^mying  this  i\^iH>rt  itulicates  Uvali 
ties  in  which  g>i>sum  certainly  exists  and  su^:?s^^sts  a  lann^r  an\i 
in  which  gypsum  may  he  found. 

NATURE  OF  THE  GYPSVM  BKPS 

All  of  the  g>i>sum  in  Webster  cH>unty,  excepting  tlie  scattetXMl 
crystals  of  selenite  in  the  Coal  Measure  shales,  is  n\4j:ularly 
stratified  in  heavv  lavei's  which  arc  rarelv  less  than  six  inches 
thick,  commonly  twelve  inches  or  more,  attaining  a  maxinmm 
thickness  of  two  feet.  The  lavers  are  separatinl  bv  traivs  of 
clay.  In  thickness  the  deposit  varies  from  ten  to  lliirty  fin^t.  In- 
stead of  thinning  out  gradually  through  a  consideriiJ>le  iwkhx^  it 
seems  to  diminish  but  slightly  before  it  abru[)tly  gives  placo  to 
shale.  At  KohPs  breweiy,  for  instan<»e,  ten  feet  of  gypsum  ap- 
pear while  half  a  mile  farther  north  in  the  clay  pit  of  Ihe  Kort 
Dodge  Brick  and  Tile  Com{)any  only  drift  and  Coal  Measure 
shales  are  found.  Everywhere  in  the  WebstiM*  county  gypsum 
the  laminae  alternate  reguhirly  in  color,  giay   and   white.    Tlu* 
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gypsum  is  remarkably  pure  calcium  sulphate  (CaS04+2  US)) 
The  lower  layers,  generally  the  lower  three  feet,  are  not 
as  pure  as  the  upper  and  are  not  used  in  the  manufacture  of 
plaster.  Even  in  these  lower  layers,  however,  the  amount  of  the 
impurities  is  so  small  that  they  seem  hardly  sufficient  to  injure 
the  plaster.    An  analysis*  of  the  upper  layers  shows: 

PHR   CENT. 

Calciiini  sulphate  (Ca  SO*   ). 78.44 

Water  of  erystallization  (calculated) 20.76 

Insoluble  matter  (impurities) 65 

An  analysis  made  by  Professor  J.  B.  Weems  of  gypsum  taken 
from  the  lower,  middle  and  upper  part  of  those  layers  that  are 
rejected  in  making  plaster  shows: 

PER  CENT. 

Silica   (SiOi)    1.92 

Alumina   ( AhO») 1.00 

Calcium  sulphate   (CaSO*)     76.28 

Water!    20.72 


iTotal     99.02 

AVlien  made  into  plaster  this  lower  layer  while  soft  will  not  ad- 
here to  the  lath  satisfactorily.  In  the  calcining  kettles  it  sticks 
to  the  sides  and  so  causes  trouble.  After  hardening  it  is  as  firm 
and  durable  as  the  plaster  made  from  the  ui)per  layers  of  gyp- 
sum. 

The  following  divisions  in  the  gy[)sum  be<ls  are  commonly  re- 
cognizd  by  the  miners : 

FEET. 

5.     Upper  rock  suitable  for  plaster  varying  in  thick- 
ness  on  account   of   diiTerences   in   loss   due   to 

preglacial   erosion    3-12 

4.     Six  foot  seam,  the  best  of  the  plaster  rock 6 

'.\.     Hard  ledge,  not  good  for  jdaster   4 

2.     Eighteen  inch  ledge  not  good  for  plaster l>/2 

1.     nottom  ledge,  not  good  for  plaster   5 

The  gj^psum  is  crystalline  throughout,  the  slender  needle-like 
ciystals  being  arranged  at  right  angles  to  the  planes  of  sedimenta-* 
tion.  Though  the  gypsum  is  now  well  preserved  by  the  thick 
mantle  of  drift  that  overlies  it,  at  one  time  it  formed  the  surface 

*  Analysis  by  G.  E.  Patrick.     Iowa  Geol.  Surv.,  Vol.  Ill,  p.  291. 
t  With  traces  ot  masroesia  and  carboo  dioxide. 


Iowa  Obolooical  Subtet. 


yjlisuni  quiirry  taci:     Ion  &  Plii.-ti-r  Company,  Fort  l>o  Iw- 


AGE    OF    THE    GYPSUM    AND    ASSOCIATED    DEPOSITS.  Ill 

rock  and  in  consequence  suffered  considerably  from  erosion  and 
solution.  When  the  overlying  drift  is  removed,  the  surface  of 
the  gypsum  everywhere  appears  deeply  trenched  and  worn.  Some 
of  the  trenches  cut  half  way  through  the  entire  dei¥>sit.  At  times 
the  gypsum  is  wholly  cut  out  and  records  of  drillings  at  points 
wholly  surrounded  by  gypsum  show  only  gravel.  Tnniches  arc 
frequently  encountered  in  mining  the  gypsum,  when  they  cause 
considerable  trouble.  When  exposed  along  ravines  the  gypsum 
is  decayed  on  the  surface  to  a  depth  of  three  or  four  inches.  The 
deep  trenches  in  the  gypsum  are  probably  duo  as  much  to  tho 
action  of  water  as  a  solvent  as  to  its  power  as  an  erosive  agent. 
Wherever  the  gypsum  has  been  exposoil  in  ledgers  for  a  i)eriod 
of  years,  it  is  picturesquely  groove<l  and  fluted. 

AGE  OF  THE  GYPSUM  AND  ASSOCIATKD  nKmSlTS. 

In  considering  the  age  of  the  gypsuiii  the  red  shales  which 
accompany  it  must  be  kept  in  min<l  for  th(»y  an^  very  <»loHely  as- 
sociated, as  shown  by  exposures  along  Soldit^r  cn»ek,  vvhc^re  thin 
layers  of  gypsum  are  found  in  the  shal(»H.  Wherc^vtM*  they  wen) 
not  removed  by  preglacial  erosion  these  shak^K  ov(U'li(^  the  gyp- 
sum conformably.  Their  extent  is  greater  than  that  of  the  gyp- 
sum and  in  the  pit  of  the  Fort  Dodge  (May  Works,  as  already 
described,  they  may  be  seen  resting  unconforinably  on  the  (>oal 
Measures.  In  Douglas  townshij^,  section  H,  there  is  a  goo<i  ex[)o- 
sure  of  these  reil  shales  which  is  six  miles  northw(»st  of  any  known 
gypsum.  Their  color  is  striking,  often  brilliant,  and  for  this 
reason  they  have  been  used  to  some  ext(»nt  as  a  natural  pigment. 

The  fact  that  the  gypsum  and  the  red  shaUis  li(^  un(M)nfornuibly 
on  the  Coal  Measures  is  good  grouiui  for  believing  that  if  they 
belong  to  the  Paleozoic  era  they  were  fonned  iu»ar  its  (dose,  dur- 
ing the  Permian.  The  Permian  beds  of  Kansas,  Indian  Terri- 
tory and  Texas,  which  contain  quantities  of  gypsum,  are  so  high- 
ly and  so  characteristically  colored  that  tlu^y  are  known  aa  the 
**red  beds."  These  red  beds  like  the  red  shales  and  gypsum  of 
Iowa  are  nearly  destitute  of  fossils,  due  i)rol)ably  to  the  fact 
that  the  climatic  conditions  favoring  deposition  of  gyi>sum  were 
hostile  to  organic  life.  Aridity  is  the  clinuiti(».  characteristic  most 
essential  for  great  deposits  of  gypsum,  and  the  redness  of  the 
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sandstones  and  shales  usually  accompanying  gypsum  dei>osits  of 
all  ages  and  localities  may  fairly  be  assumed  to  be  an  effect  of  cli- 
mate, direct  or  indirect,  on  the  iron  content  of  the  soil.  All  of 
these  considerations,  namely,  the  arid  climate  that  prevailed 
during  the  Permian,  shown  by  great  gyj.sum  deposits  associated 
with  red  shales  occurring  in  both  Europe  and  Americ^a,  and  the 
striking  resemblance  which  the  series  bears  to  the  Permian  only 
300  miles  to  the  west,  c^arry  great  weight.  The  Iowa  series 
might  reasonably  be  interi)reted  as  an  outlier  of  the  Pennian  of 
Kansas  and  Indian  Territory.  During  the  long  interval  between 
its  dei)osition  and  that  of  the  drift  which  now  i)rotects  it  erosion 
had  an  abundant  opportunity  to  remove  the  Pennian  from  the 
intervening  territory.  The  gypsum  was  doubtless  protected  by 
heavy  beds  of  the  red  shales,  for  had  it  been  exposed  long  it  must 
have  vielded  to  the  solvent  and  erosive  action  of  water. 

It  is  possible  to  refer  the  gypsum  to  the  Triassic  or  to  the  Cre- 
taceous. Like  the  Permian,  the  Triassic  of  the  west  is  red  and 
contains  large  dei)osits  of  gyjjsum,  notably  those  of  the  Black 
Hills,  Known  outcroi)s  of  Triassic  strata  occur  only  far  to  the 
west  of  the  area  under  consideration,  much  farther  west  than 
the  most  eastern  exi)osures  of  recognized  Pennian  in  Kansas. 
While  this  fac^t  favors  a  reference  of  the  Iowa  gypsum  to  the 
Pennian  rather  than  the  Triassic,  the  fact  that  the  Permian  of 
Kansas  rests  conformably  on  the  Coal  Measures  while  the  gyp- 
sum of  Iowa  does  not,  throws  a  certain  amount  of  weight  the 
other  way. 

The  claims  of  the  Cretaceous  have  been  considered  in  previous 
reports  on  the  region*.  Reference  to  the  geological  maj)  of  Iowa 
shows  that  Cretaceous  de[)osits  are  present  throughout  the 
greater  part  of  northwestern  Iowa  and  that  they  api)roacli  with- 
in thirty  miles  of  Webster  county,  at  Auburn  in  Sac  county, 
where  they  apjx^ar  as  chalk.  The  Cretaceous  in  Iowa  consists 
of  sandstone  of  the  Dakotii  stage,  and  shales,  limestone  and  chalk 
of  the  Colorado  stage.  Sandstone,  shales  and  limestone  have 
yielded  al)undant  fossils  wliicli  definitely  fix  their  age.  Other 
things  being  e(iual,  it  would  be  somewhat  more  natural  to  regard 
the  Webster  county  gyi)sum  series  as  an  outlier  of  the  Creta- 

♦lowaGcol.  Surv  ,  Vol.  HI,  p   290. 
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oeoBs  than  of  the  Penman  which  is  farther  away,  yet  the  distance 
is  not  so  great  as  to  render  a  correlation  with  the  Permian  in  any 
d^ree  improbable  if  the  preix)nderance  of  other  evidence  fav- 
ors snch  a  view.  A  review  of  Cretaceous  climatic  conditions  is 
first  of  all  necessary,  for  if  aridity  is  a  more  striking  character- 
istic of  the  Permian  than  of  the  Cretaceous,  the  Cretaceous  age 
of  the  gypsum  can  hardly  be  established.  The  Dakota  sandstone 
is  at  times  red,  but  this  color  does  not  everywhere  prevail  and 
it  does  not  characterize  the  Cretaceous  shales  and  limestones  in 
any  degree.  The  Dakota  sandstone  abounds  in  fossils,  as  does 
the  limestone  of  the  Colorado  stage,  in  which  Iiioccramus  labia- 
tus  is  found  in  great  numbers.  The  Benton  shales,  while  not  so 
lich  in  fossils  as  the  limestone,  contain  Optica  congesta,  Prioho- 
cyclus  icyomingensis  and  other  si^ecies,  none  of  which  are  brack- 
ish water  forms.  They  contain  also  some  selenite,  but  in  view 
of  tlie  fossil  contents  of  the  shales  it  is  probable  that  the  selenite 
was  not  formed  by  precipitation  from  concentrated  brine  at  the 
time  that  the  shales  were  laid  down,  but  is  due  to  subsequent 
chemical  reaction  in  which  sulphuric  acid,  generated  i)erliaps 
from  iron  pj-rites,  converted  part  of  the  lime  carbonate  of  the 
shales  into  the  sulphate.  In  barrenness  of  fossils,  in  color  and 
in  association  with  g>  psuni  the  red  shales  which  accomi)any  the 
Iowa  g\'psum  resemble  the  Permian  of  Kansas  nmeh  more  than 
they  do  the  Cretaceous  shales  of  Iowa,  The  presence  of  chalk 
in  Sac  count},  close  to  what  must  have  been  tlie  Cretaceous  shore 
indicates  that  for  a  time  sediments  from  land  were  at  a  minimum 
and  organic  sediments  unmixed  with  laud  waste  were  able  to 
accumulate  near  the  shore.  This  would  indicate  an  absence  of 
the  barren  surface  usually  attending  aridity,  or  the  absence  of 
elevation,  or  both,  so  that  climatic  conditions  favoring  deposits 
of  gj^psum  are  not  implied  by  the  chalk  of  the  Cretaceous.  Re- 
gions devoid  of  rainfall  are  characterized  by  windstorms  of 
great  violence  capable  of  transporting  much  earthy  material  as 
dust  and  carrjdng  it  out  to  sea  where  it  would  ultimately  be  de- 
posited. The  arid  regions  of  America  are  subject  to  brief  but 
violent  rain  storms  during  which  erosion  is  vigorous  on  the  sur- 
face barren  of  vegetation.  Low  land  surfaces  covered  with  an 
abundant  vegetation  are  most  favorable  for  pure  chemical  and 
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organic  accumulations  in  the  neighboring  seas.  The  great  purity 
of  many  gypsum  deposits  presents  a  difficulty  for  this  very  reas- 
on, for  the  land  must  have  been  barren  during  the  concentration 
of  the  sea  water  and  conditions  favorable  for  dust  storms  seem 
likely  to  have  prevailed.  Microscopic  examination  of  the  Iowa  gyp- 
sum reveals  particles  of  sand  scattered  through  the  gypsum,  prob- 
ably by  wind,  but  the  total  amount  is  small,  amounting  to  about 
one  per  cent  of  the  whole. 

The  age  of  the  great  gypsum  and  salt  deposits  of  the  world 
is  shown  below: 

FOREIGN .  AMBRICAN . 

PLBISTOCBNB  AND   RBCBNT. 


Caspian  Sea  and  Asia.ic  Lakes.        1.  |    Great  Salt  Lake. 

PLIOCBNB. 

Transylvania,  near  Pragpie  Csalt).    2. 
Caspian    sea   in    KarabhO}2:as  bay    3. 

(salt  and  g^ypsum) . 
Austria  at  Wieliczka.Siebenbiirgen  4. 

(salt  and  gypsum) . 

MIOCBNB. 

None. 

OLIGOCBNB. 

Transylvania  and  Carpathian  Mts.  5. 

Cgypsum  and  salt) . 
Germany,  Speren berg  (gypsum).     6. 
France,  Montmartre  (gypsum^.        7. 

BOCENB. 

None. 

CRETACEOUS. 

None. 

JURASSIC . 

None. 

TRIASSIC. 


Germany:  8. 

Hanover,  Austadt. 

Erfurt,  Thuringia. 

Lothringer  (gypsum  and  salt) . 
England:  9. 

From     Scotland    to     Devonshire 
(gypsum  and  salt) . 


Black  Hills  (gypsum).  10. 
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G«TmaDy:  11. 

The  Hftrtz  (gypsnm) . 

SUscfnrt,    SpeT«nberg    (sypGom 
and  salt.) 
South  Tyrol  (Kypsum). 
RnsaU  (gypsum,  aalt] .  12. 


Iowa  (Kypsnm) . 
Texas  (gypsuoi). 
Kansas  (salt  and  s , , 
Oklataoma  and  Indian  Territory. 
Slack  Hills,  (gypsum). 


UPPER  CAKBON^BItOUS. 


I.OWBB    CARBONIFEROUS. 


Lower  Miclii {an  (sypsum).  16. 

Nora    Scotia    (gypsnm  and  17. 

salt). 

Virginia  (gypsum  and  saltj.  18. 

Montana  (gypsnm).  19. 


DBVONIAN . 

None. 

SILURIAN. 

Rnssta,  Baltic  provincesfgypsum).  20.  I       New  York  (gypsum  and  salt 
Ohio  (gypsum  and  salt) . 
Pennsylvania  (gypsum). 
I        Upper  Michigan  (gypsum). 

ORDOVICIAN . 

None, 


Punjab  Salt  Range,  India. 


GeikieTcil  BooloIGiol..  3d  Ed.,  pp.  TJrm, 
GeikicTeii  Baak  al  Geo).,  p.  iDi8. 
-   ■■■    ~        "  —     ■  ,3dEd..  p 


4.  Credner  GrolDcie.  pp.  Sjo-nc 

i.  GciiJiTcjI  BaokaiG»l..3dEd..  p.«». 

0.  Oedoer  GeoloEiF.  p.  6?^. 

7.  CredoetGeoloeie,  p,6n. 

t.  Credn«  GrolDi-ic.  p.  jw. 

9.  GaikieTciiBooliofGco]..  JdEd.,  p.  SU. 
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17.  Hloiral  R«*oBtce>.  Cuida,  iSot,  dd.  toiiii. 

il.  RewnraciSouIbwdlern  VirzlnU,  aof d, ,  1I7S.  PP.  ito-M. 
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Climatic  conditions  in  both  hemispheres,  therefore,  seem  to 
have  been  favorable  for  deposits  of  gypsum  during  the  Permian, 
whereas  if  the  Iowa  gypsum  were  referred  to  the  Cretaceous  it 
would  be  the  only  gj^psum  deposit  of  economic  importance  in 
Europe  or  America  assigned  to  this  period  of  geological  history. 
The  gypsum  may  therefore  be  reasonably  regarded  as  Permian, 
though  the  possibility  of  its  being  Triassic  cannot  be  denied. 

ORIGIN  OF  THE  GYPSUM. 

Gypsum  deposits  are  generally  ascribed  to  two  causes:  (1) 
the  transfonnation  of  de{X)sits  already  formed  by  various  chem- 
ical reactions ,  and  to  i^recipitation  from  sea  water,  due  primar- 
ily to  concentration  by  evaporation,  and  (2)  to  reactions  between 
the  salts  in  solution. 

The  most  frequent  transformation  of  deposits  already  formed 
is  the  change  of  limestone  (CaCO,)  into  gypsum,  (CaSO^-i- 
2  H,0)  through  the  agency  of  sulphuric  acid,  according  to  the 
equation  H.SO.  +  CaCO,  =^  CaSO,  +  CO,  -f  H,0. 
The  sulphuric  acid  may  be  generated  by  the  oxidation  of  the  sul- 
phuretted hydrogen  of  sulphur  springs  or  of  volcanoes,  or  by 
the  action  of  water  on  some  sulphide  ore  like  pyrites.  The  de- 
ix)sits  which  Dana  attributes  to  the  action  of  sulphuric  acid  gen- 
erated from  the  sulphuretted  hydrogen  given  off  by  sulphur 
springs  in  New  York*  are  (luite  extensive.  In  certain  instances 
the  gj^psum  occurs  in  masses  with  irregular  outline  in  limestone, 
and  layers  of  shale  in  the  limestone  pass  unaltered  through  the 
gypsum.  In  view  of  this  evidence  the  gypsum  must  be  regarded 
as  derived  from  the  limestone.  Deposits  of  this  sort  are  excep- 
tional, however,  and  it  is  probable  that  most  of  the  gypsum  of 
New  York  had  a  different  origin. 

Insignificant  gypsum  deposits  occur  about  the  fumaroles  of 
craters  and  lava  streams  in  Hawaii  where  sulphurous  acid  (SO,) 
is  converted  into  sulphuric,  and  attacks  rocks  which  contain 
lime.  The  frequent  occurrence  of  small  amounts  of  gypsum  with 
hematite  in  the  upper  part  of  ore  veins  may  be  accounted  for 
by     the     following     reactiouf,      Fe,0,(  SO,),       -f       2CaC0, 

*Dana,  Manual  of  Geology,  4th  Ed  ,  p.  SS4> 
t  Beck   Erzlageratatten'ehre,  p.  393. 
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the  ^«  j^T  oem  of  eva;ic»nition  !H\\^SN;r.\  for  ,s  iivf^n^^v,  \lo;s\v^j 
would  oemr  more  often  tlum  tlu>s<^  irivitvc  vis^^  to  ^K^  \vv  x\M\t  \>f 
evaporation  and  a  deix^it  of  nvk  j^^iU.  Whou  tho  i^»\ovnU  \M' 
eraporation  necessary  for  a  salt  dojHViit  t\H^k  i^la^w  howovor,  tho 
high  percentage  of  salt  in  the  wntor  wouKl  \  ioUl  a  st^^M\n\\  of 
notable  thickness  as  coni]vinHl  with  gypsutu. 

The  accomjianying  diagram  ^Fig.  14^  ittdioatos  tho  tvlnti\M\ 
of  deposition  to  density  in  the  oaso  of  tho  s^iltji  \*tMnu\oi»  to  Moa 
water.     The  magnesium  chloride  alono  is  uot  aotiiallv   ptx^oipi 

•M.  Dienlafait  io  Pop.  Sci.  Moo..  Oct.,  i^ 
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tated  but  remains  in  solution  always  under  ordinary  atmospheric 
conditions.  It  may  be  precipitated,  however,  with  potassimn 
chloride  as  camallite.    Three-fourths  of  the  gypsum  is  deposited 
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F.G.  14     Sketch  tbowing  the  order  of  precipitation  of  saltt  from  sea 
water,  with  increate  in  density  due  to  evaporation. 

between  the  densities  of  1.1315  and  1.21,  whereas  the  deposition 
of  salt  does  not  begin  until  the  latter  point  is  reached.  The  re- 
maining one-fourth  is  precipitated  with  the  salt,  but  constitutes 
so  small  a  part  of  the  whole  that  the  commercial  value  of  the  salt 
is  not  appreciably  lowered.  The  normal  order  of  deposition  on 
evaporation  from  sea  water,  beginning  with  the  first  which  oc- 
curs, of  course,  at  the  bottom  of  the  deposit,  is : 

1.  Limestone  with  limonite,    CaCOs  and  2  PesOs  +    3  HsO. 

2.  Gypsum  Ca  SO4  -f-  2  HiO. 

3.  Sodium  chloride  (common  salt)  Na  CI. 

4.  The  bitter  salt  (in  carnallite)  KCl  -|-  MgCl,  4.  6  H«0. 

Practically  this  order  is  observed  in  the  great  salt  deposits  of 
Stassfurt,  Germany. 

While  gypsum  has  been  formed  and  is  still  forming  in  all 
of  the  ways  described,  most  of  these  explanations  are  manifest- 
ly not  adapted  to  the  Webster  county  deposit  The  definite  lami- 
nation and  layering  of  the  gypsum  indicate  an  aqueous  origin. 
Pointing  to  the  same  conclusion  is  the  fact  that  no  limestones  are 
associated  with  the  gypsum  which  by  alteration  could  yield  gyp- 
sum. Salt  may  be  regarded  as  absent  from  the  Iowa  gypsum 
area.    If  it  existed  it  would  probably  have  been  detected  in  some 
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of  the  many  wells  and  prospect  holes.  Its  absence  is  not  sur- 
prising for  tlie  degree  of  concentration  necessary  for  a  salt  de- 
posit may  never  have  been  reached,  or  the  salt  after  having  been 
deposited  may  have  been  removed  by  subsequent  erosion  and 
solution. 

The  great  thickness  of  some  occurrences  of  gypsum  and  salt 
must  be  considered  in  seeking  to  determine  their  origin.  The 
combined  series  of  Stassfurt  amounts  to  more  than  1,000  feet 
and  at  Sprenberg  to  more  than  3,000  feet.  To  yield  even  fifteen 
feet  of  gypsiun,  the  average  thickness  in  the  Iowa  field,  an  im- 
mense amount  of  water  must  have  been  evaporated.  A  cubic 
foot  of  gypsum  weighs  140  pounds  and  the  amount  of  gypsum 
in  a  cubic  foot  of  sea  water  today  is  three-fiftieths  of  one  pound. 
The  amount  of  water  necessary  to  yield  a  cubic  foot  of  gypsum 
then  is  2,332.4  cubic  feet.  If  the  sides  of  the  containing  basin  were 
vertical  the  depth  of  the  water  necessary  to  produce  fifteen  feet 
of  gypsum  must  have  been  34,986  feet.  If  the  average  thickness 
of  the  Iowa  gj'^psum  be  taken  as  fifteen  feet  and  the  gypsum  area 
seventy  square  miles  in  extent,  the  amount  of  sea  water  neces- 
sary to  deposit  it,  assuming  that  its  content  of  gypsum  was  the 
same  as  in  sea  water  today,  was  sixty-eight  trillions  of  cubic  feet. 
If  a  basin  twenty  miles  wide  be  assumed,  with  two  shores  slop- 
ing to  a  center  at  an  angle  of  10  degrees,  the  length  of  the  basin 
which  would  contain  this  amount  of  water  must  have  been  twenty- 
six  miles  and  the  depth  at  the  center  more  than  9,000  feet,  dimin- 
ishing uniformly  in  depth  from  the  center. .  Such  a  trough  mani- 
festly never  existed  and  the  hypothesis  that  the  gypsum  was  de- 
posited in  a  detached  arm  of  the  ocean,  unaided  by  considerable 
supplies  of  salt  from  rivers  or  from  the  main  body  of  salt  water, 
is  untenable.  There  remain  to  be  considered :  1.  Anns  of  the  sea 
which  were  at  least  part  of  the  time  connected  with  the  ocean 
and  which  received  more  or  less  water  from  land;  2.  Enclosed 
seas  fed  wholly  by  rivers  and  without  outlet  except  by  evapora- 
tion. 

Taking  up  the  second  case  first,  it  will  be  instructive  to  review 
the  conditions  actually  existing  in  enclosed  salt  seas  in  Asia  and 
America. 

The  nature  of  the  salt  deposits  made  in  a  lake  not  connected 
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with  the  ocean  and  without  outlet,  where  evaporation  is  as  great 
as  or  greater  tlian  inflow  may  vary  as  widely  as  do  the  relative 
proportion  of  salts  in  the  inflowing  streams.  If  the  lake  was  at 
one  time  a  part  of  the  ocean  this  fact  is  of  consequence  in  de- 
termining the  nature  of  salt  deposition.  The  variation  in  the 
nature  and  amount  of  salts  carried  in  solution  by  diflFerent 
streams  is  a  natural  consequence  of  diflFerences  in  mineral  cons  i 
tution  of  their  drainage  areas.  In  the  Elbe  and  Thames  chlor- 
ides predominate*  (in  the  latter  with  gypsum)  and  the  evapora- 
tion of  these  waters  would  give  rise  to  lakes  containing  a  large 
percentage  of  common  salt.  In  the  Seine  sulphate  of  lime  (gyp- 
sum) predominates,  while  the  waters  of  the  Rhine,  Danube  and 
Arr  contain  small  amounts  of  chlorides  and  large  percentages 
of  sulphates  of  lime  and  magnesia.  The  Loire  contains  in  130,- 
000  parts  13.4G  of  solid  matter  of  which  35  per  cent  is  calcium 
carbonate,  w^hile  two-thirds  of  the  soluble  salts  are  carbonate  of 
soda.  In  nearly  all  rivers  bicarbonate  of  soda  is  present  in  large 
quantities.  The  water  of  the  river  Jordan  gives  the  following 
analysis  :t 

Sodium  chloride  (coinmou  salt)    35 

Maf»'nesiiini  chloride 03 

Calcium    chloride    07 

Calcium   sulphate    (g'ypsum)    04 

Water    90.50 

The  waters  of  the  Dead  Sea  are  the  result  of  concentration  by 
evaporation  of  waters  cx)ntaining  salt.  Quoting  Bischofif:  *^In 
spring  when  the  streams  are  turbid  with  the  particles  of  carbon- 
ate of  lime  and  clay,  mere  mechanical  def)osits  take  place  for 
at  this  })eriod,  when  large  masses  of  water  are  carried  into  the 
Dead  Sea,  and  the  saline  solution  thereby  diluted,  while  at  the 
Scime  time  the  evaporation  is  but  slight,  no  common  salt  is  de- 
posited. During  the  ensuing  warmer  months  the  chemical  de- 
position of  common  salt  and  carbonate  of  lime  take  i)lace.  Should 
the  stream  become  turbid  at  this  season  in  consecpience  of  con- 
tinued rain  deposits  are  fonned  which  contain  a  less  amount  of 
common  salt.  In  this  way  there  must  arise  a  constant  alterna- 
tion of  different  irregular  layers  of  greater  or  less  thickness.    All 

^  T.  Sterrj  Hunt.     Chemical  atid  Gaological  Essays. 

■  Bischof.     V( 

Ibid,  p.  397. 


t  Bischof.'  Vol   I,  C'hem.  and  Phjs.  Geology. 
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these  layers  must  contain  gj^psum,  since  in  a  water  which  con^ 
tains  so  much  chloride  of  magnesium  as  is  present  in  the  Dead 
Sea,  gypsum,  as  we  shall  subsequently  see,  is  dissolved  with  dif- 
ficulty, as  is  also  shown  by  the  sm^iU  proportion  in  which,  this 
salt  exists  in  that  sea." 

Lake  Elton,  a  brine  pool  of  the  llussian  steppes,  may  once  have 
had  an  oceanic  connection.  If  this  is  true  the  calcium  carbonate 
and  gypsum  of  the  original  sea  water  have  been  deposited,  foi' 
the  water  now  contains  but  small  quantities  of  .lime  salts  but 
chloiides  of  sodium  and  magnesium  with  sulphide  of  magnesium 
are  present  in  abundance*.  Bischof  describes  the  lake  as  fol- 
lows: ''The  Elton  laJvC,  whose  greatest  diameter  is  20  and  its 
smallest  16  veists,  lies  19  feet  below  the  level  of  the  ocean.  It 
has  flat  banks  and  may  be  waded  through  almost  anywhere.  On 
its  margins  and  upon  its  bed  there  is  almost  eveiywhere  crys- 
talline salt.  This  fonns  layers  from  one  to  two  inches  in  thick- 
ness which  are  separated  from  one  another  bv  lavers  of  mud  and 
earth.  The  streams  which  empty  into  it  are  eight  in  number. 
They  all  contain  more  or  less  salt,  and  consequently  carry  sup- 
plies of  this  substance  into  the  lake.  The  most  considerable 
among  them  is  the  Charisaclia,  which  is  also  the  only  one  which 
continues  to  flow  during  the  whole  year.  In  the  loamy  soil  which 
surrounds  the  lake  numerous  small  crj^stals  of  gypsum  are  im- 
bedded." A  deposit  of  salt  is  formed  in  this  lake  every  sum- 
mer, in  the  winter  and  spring  the  water  is  diluted  by  the  rivers 
which  are  tlien  copious    and  a  layer  of  silt,  i)robably  carrying 

some  gj^psum  is  fonned.  The  decrease  or  complete  disapi3ear- 
ance  of  Ca  S04  from  the  water  of  liake  Elton  into  which  it  is 
being  constantly  conveyed  by  the  Charisaclia  river,  the  waters 
of  which  have  been  analyzed,  shows  that  the  gypsum  goes  down 
with  the  salt. 

Great  Salt  Lake  in  Utah  furnishes  an  excellent  Qxample  of  salt 
deposits  in  a  lake  without  oceanic  connections.  The  present  lake 
is  but  a  remnant  of  the  much  larger  Lake  Bonneville,  which  was 
fresh  and  was  drained  by  a  stream  flowing  into  the  Snake  river. 
Its  present  salinity  is  high,  the  specific  gravity  of  the  water  be- 
ing 1.1     +     and  its  saline  contents,  varying  with  the  seasons 

^  AoaWtis  bj  Gobel,  quoted  bj  Bischof,  Cbem.  and  Pbys.  Geo!.    Vol.  I,  p.  404. 
9  G  Rep 
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from  14  to  22  per  cent,  is  distributed  as  follows,  as  shown  in  five 
analyses* : 

Sudinni    chloride     90.7  79.1  65.9  813  80.5 

PotaFsiuin   chloride    ,.  14.1  

Magnesium  chloride 1.1  9.9  8.9  6.7  10  3 

Sodium    sulphate    8.2  6.2  8.1  8.5  5.4 

l*otas.«ium  sulphate 3.6  ....  2.6  2.4 

Calcium  sulphate   .6  1.5  .9  14 

Chlorine    (in   excess)    .6  1.5  .... 


'  •   • 


In  these  analyses  the  absence  or  the  very  small  content  of  cal- 
cium, both  as  sulphate  and  carbonate,  is  remarkable.  Analyses 
of  the  fresh  waters  tributary  to  the  lake  show  that  the  lake  could 
accumulate  its  total  content  of  calcium  in  eighteen  years  while 
the  accumulation  period  for  the  chlorine  would  be  34,200  years.f 
Manifestly  the  lake  is  disi)osing  of  the  calcium  as  fast  as  it  is  re- 
ceived. Deposits  of  tufa  o(*cur  on  the  old  Bonneville,  Interine- 
diate  and  Provo  shore  lines,  on  their  weathered  faces,  and  a  few 
feet  below  their  crests.  It  is  absent  in  sheltered  bavs  and  most 
abundant  on  points  that  were  especially  exposed  to  wave  action. 
Calcareous  oolitic  sands  are  now  forming  along  certain  parts  of 
the  shore  of  Salt  Lake  '*  between  the  delta  of  the  Jordan  and 
Black  Kock,  where  it  constitutes  the  material  of  a  beach,  and  is 
drifted  shoreward  in  dunes. ";{:  Of  the  three  imjx^rtant  fresh 
water  tributaries  of  Great  Salt  Lake,  the  water  of  Utah  Lake  is 
characterized  by  sulphate  of  lime,  over  GO  per  cent  of  the  total 
solids  held  in  solution  by  it  consisting  of  this  salt,  while  the 
waters  of  Bear  river  and  City  creek  are  characterized  by  carbon- 
ate of  lime.'"  Strictly  siwaking,  in  the  last  case  as  commonly 
when  carbonate  of  lime  is  in  solution,  the  lime  is  in  the  fonu  of 
the  bicarbonate.  During  the  pro(»ess  of  aeration  caused  by  the 
beating  of  the  waves  against  the  shore  carbon  dioxide  is  given 
off  and  the  lime,  reduced  to  calcium  carbonate,  is  dei)osited. 

The  oolitic  sands  may  l)e  ascribed  to  the  action  of  plants  which 
have  the  i)ower  of  withdrawing  carbon  dioxide  from  soluble  cal- 
cium bicarbonate,  which  would  prei'ipitate  the  insoluble  carbon- 
ate.§     Deposits  of  calcareous  tufa  and  oolite    are    particularly 


*  U.  S.  Geological  Survej,  Monograph  i.  Lake  Bonneville,  p.  aS4* 
Ibid.     p.  356. 
Ibid.    p.  169 


Ibid.     p.  207. 

Rustell.     Lakes  of  North  America,  p.  76. 
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abumlant  near  the  mouths  of  stremns  which  convey  carbonate  jDf 
lime  to  the  lake  and  possibly  tlie  lime  carbonate  is  wholly  with- 
drawn from  the  inflowing  water  before  it  has  an  opportunity  to 
mingle  with  the  more  remote  waters  of  the  lake. 

Basins  which  are  in  some  degree  connected  with  the  ocean  may 
next  be  considered.  The  Bessarabian  coast  of  the  Black  sea  fur- 
nishes an  example  of  salt  deposits  in  bays  slightly  connected 
with  the  ocean  and  fed  from  the  landward  side  by  rivers.  From 
the  Danube  to  the  Dniej)er  the  rivers  before  emptying  into  the 
ocean  expand  into  lakes  which  are  separated  from  the  sea  by 
natural  dams.  Under  ordinary  circumstances  the  water  flows 
into  the  sea  through  an  opening  in  the  dam,  while  during  storms 
the  water  of  the  sea  enters  the  lakes.  Three  of  these  lakes  become 
partially  dry  every  summer  and  deposit  salt  which  in  places 
amounts  to  a  laver  a  foot  thick*.  This  salt  is  used  for  commer- 
cial  purposes.  The  calcium  sulphate  of  the  river  water  and  of 
the  sea  water  which  is  driven  in  during  storms  nmst  also  be  de- 
posited, but  the  quantity  being  small    readily  escapes  notice. 

Many  writers  on  gypsum  and  salt  have  called  attention  to  the 
fact  that  the  Mediterranean  Sea  furnishes  conditions  which  if 
but  slightly  modified  would  result  in  deposits  of  these  sub- 
stancesf  Although  it  receives  the  waters  of  many  rivers,  some 
of  them  of  considerable  size,  evaporation  takes  place  faster  than 
inflow  and  if  no  water  entered  thiougli  the  Strait  of  Gibralter, 
or  if  the  supply  entering  were  considerably  reduced,  nmch  of  the 
mineral  matter  held  in  solution  would  be  deposited.  A  steady 
current  pours  in  from  the  ocean,  however,  and  the  density  nec- 


FiJ.  15. 

essary  for  precipitation  is  not  reached.  The  bottom  of  the  sea 
rises  sharply  near  the  Strait  of  Gibraltar  cutting  oflF  comnmni- 
cation  between  the  lower  part  of  the  sea  and  the  ocean,  but  per- 
mitting a  free  interchange  of  water  in  the  upper  level.  The  depth 
at  the  strait  is  less  than  200  fathoms  while  the  average  dei)th  of 

•  Biscbof,  Vol.  T.  p.  392. 

fGeoL  SoTT   of  Mtcb..  Vol.  V,  iSSi-q^  part  II,  pp.  1-13. 
UDiTeriitj  GeoL  Sorv.  o(  Kansas,  Vol.  V,  Gypsum.    Introdnctioo. 
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lh«  Mediterranean  is  1,000  fathoms.  The  accompanying  diagram 
roughly  illustrates  existing  conditions. 

The  amount  of  salt  in  the  water  of  the  Atlantic  is  3.6  per  cent, 
while  in  the  Movliterranean  it  is  8.9  per  cent.  The  specific  gravity 
of  the  water  of  the  Atlantic  off  the  strait  of  Gibraltar  is  1.026, 
while  at  the  west  end  of  the  Mediterranean,  near  the  surface,  it 
is  1.028,  increasing  irt  the  east  end  to  1.03.  At  a  depth  of  300 
fathoms  the  density  is  considerably  greater  than  at  the  surface. 
A  current  of  water  flows  in  constantly  at  the  surface  of  the  strait 
(Fig.  15,  a).  Tliis  water  is  concentrated  by  evaporation  and 
sinks.  The  l)ottom  below  the  line  c  d  has  been  previously  filled 
by  tiiis  dense  water  and  the  water  is  being  constantly  condensed, 
sinks  and  flows  out  at  c  as  a  lower  current  into  the  ocean.  The 
outlet  at  the  strait  is  so  free  that  the  condensation  does  not  reach 
the  i)oint  which  results  in  the  deposition  of  lime,  gj^psum  or  salt. 

It  is  quite  conceivable  that  the  opening  could  be  so  restricted 
that  the  outflow  w^ould  be  greatlv  diminished  and  the  densifrs' 
of  1.0;')  to  1.13  which  is  necessarv  for  the  deT)osition  of  limestone  be 
reached.  If  this  were  maintained  for  a  long  time  and  the  inflow 
were  enough  to  prevent  further  concentration  a  thick  layer  of 
limestone  without  gypsum  and  salt  would  l)e  formed.  If  the 
opening  were  still  further  restricted  gypsum  would  be  precipi 
tated  and  at  length  salt.  In  this  case,  however,  the  calcium  car- 
bonate in  the  inflowing  sea  water  would  be  precipitated  with  the 
gj^psum  unless  converted  into  g>'])sum  or  a  more  soluble  salt  by 
reaction  with  other  salts  or  isolated  during  deposition  as  is  the 
case  today  in  (Jreat  Suit  Lake.  The  amount  of  the  calcium  car- 
bonate (one-tenth  as  much  as  the  gypsum)  if  present  would  be 
easily  recognized.  If  irstead  of  a  small  opening  the  inland  sea  were 
shut  oif  from  the  ocea!i  by  a  low  barrier,  over  which  the  sea  water 
passed  only  in  time  of  great  stonns,  the  de])osits  might  be  more 
varied.  The  water  would  be  diluted  at  times  so  that  precipita- 
tion of  the  more  soluble  salts  would  cease  and  after  a  period  of 
evaporation,  if  the  amount  of  calcium  carbonate  in  the  newly 
added  water  were  considerable,  there  w^ould  be  a  dei)osit  of  lime- 
stone succeeded  by  g}^i)sum.  A  series  of  limestone  and  gypsum 
beds  occurs  in  the  northern  peninsula  of  Michigan  near  St.  Ig- 
nace. 
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In  applying  ** enclosed  sea"  conditions  like  those  now  prevail- 
ing about  Great  Salt  Lake,  to  the  Iowa  gypsum,  two  questions 
arise.  Was  there  a  supply  of  gyi^sum  in  the  rocks  of  the  region 
subject  to  the  solvent  action  of  stream  water  suflScient  to  yield 
the  existing  deposit?  If  this  question  may  be  answered  in  the 
affirmative,  do  the  deposits  formed  in  enclosed  seas  structurally 
and  chemicallv  resemble  those  of  Webster  countv?  The  Coal 
Measure  shales  and  sandstones  with  here  and  there  a  limited 
area  of  Saint  Louis  limestone  formed  the  land  surface  when  the 
gypsum  was  deposited.  There  is  a  considerable  amount  of  gyp- 
suinj  in  all  of  these  strata  which  appears  frequently  in  large 
selenite  crystals.  Rivers  flowing  over  this  surface  would  carry  a 
large  percentage  of  gypsum  in  solution,  provided  the  gypsum 
now  contained  in  these  stiata  was  i)iesent  at  that  time.  It  is 
hardly  probable  that  the  gypsum  of  the  Coal  Measure  shales  was 
formed  at  the  time  of  their  dejwsition,  for  the  presence  of  great 
numbers  of  ferns  indicate  fresh  water.  A  more  probable  origin 
lies  in  the  action  of  water  on  pyrites,  giving  rise  to  ferrous  sul- 
phate, which  in  turn  cliauged  i>art  of  the  lime  carbonate  of  the 
shales  into  gypsum.  This  may  have  tiiken  place  tefore  the  great 
gj^psum  deposit  was  made  and  if  so  the  gypsum  dissolved  out  of 
the  Ccal  Measure  shales  may  have  been  sufficient  to  f onn  it  The 
same  waters  which  carried  the  gypsum  would,  however,  carry 
much  lime  carbonate  and  mud,  and  it  is  difficult  to  conceive  of 
fifteen  feet  of  pure  gj'psum  forming  in  an  enclosed  basin  fed  by 
streams.  It  is  true  that  at  the  toj)  in  one  or  two  localities  thin 
layers  of  limestone,  sandstone  or  shale  occur  with  thin  layers 
of  gypsum,  but  the  presence  of  fifteen  fe<^t  of  gypsum  with  only 
one  per  cent  of  sand  and  clay  practically  precludes  the  possibil- 
ity of  its  origin  in  an  inland  basin  fed  by  land  streams.  Turn- 
ing to  the  *' Mediterranean  hypothesis,"  there  are  two  apparent 
difficulties.  In  the  series  of  deposits  due  to  deposition  on  ac- 
count of  evaporation  in  such  a  basin,  limestone  would  be  the 
lowest  member.  If  the  amount  of  calcium  carbonate  in  the  waters 
tributary  to  the  basin  was  small  limestone  might  not  a]ipear  be- 
neath the  gypsum  as  a  distinct  formation,  but  mixed  with  ia? 
finer  impurities  would  still  be  present  as  a  notable  calcareous 
element  in  a  clay  or  shale.    The  Iowa  gypsum  overlies  a  fire  clay, 


126  GEOLOGY    OF    WEBSTER    COUNTY. 

the  analysis  of  which  shows  but  a  very  limited  amount  of  lime. 
Moreover,  the  lime  caibonate  in  the  inflowing  water  after  the 
densit}'^  necessary  for  the  deposition  of  gypsum  had  been  reached 
in  the  basin,  would,  it  would  seem,  be  deposited  with  the  gyp- 
sum. The  phenomena  observed  about  Great  Salt  Lake  perhaps 
relieve  us  of  these  difficulties.  As  already  stated,  the  water  of 
the  lake  is  almost  fiee  from  calcium  carbonate,  while  deposits 
of  calcareous  tufa  and  oolite  have  been  and  still  are  forming 
along  the  shores  whore  water  action  is  violent.  This  localizing 
of  the  calcium  carbonate,  if  it  were  comi)lete,  would  render  pos- 
sible deposits  of  pure  gyi)sum  like  that  of  Iowa,  in  which  no  cal- 
cium carbonate  ai)pears.  Unfortimately  calcium  carbonate  due 
to  precipitation  fiom  solution  ai)pears  widely  distributed  in  the 
marl  of  the  old  Bonneville  bed,  as  well  as  along  the  shore.*  Still 
the  fact  that  calcium  carbonate  deposits  were  favored  at  the 
shores  by  the  aeration  associated  with  wave  action  is  particularly 
significant.  Even  more  significant  is  the  fact  that  near  the 
streams  which  contribute  to  the  lake  the  greatest  amount  of  lime 
carbonate,  the  cak^areous  oolite  already  mentioned,  accumulates 
as  a  shore  deposit  in  considerable  (juantities.  If  in  this  or  some 
similar  wav  the  lime  carbonate  was  localized  the  Mediterranean 
hypothesis  would  appear  satisfactory.  It  is  possible  also,  hold- 
ing to  this  liyi)otliesis,  to  assume  that  chemical  reactions  took 
place  between  the  salts  in  solution,  which  resulted  in  the  elimina- 
tion of  this  lime  carbonate,  either  by  converting  it  into  gypsum 
or  into  a  salt  which  was  more  soluble  than  gypsum,  thus  keeping 
it  in  solution  till  after  the  gyi)sum  was  dei)osited.  It  is  well 
known  that  reactions  between  the  various  salts  contained  in  sea 
water  may  cause  divergence  from  the  series  which  results  from 
evaporation  alone.  According  to  Usiglio  sea  water  deposits 
limestone  abundantly  when  the  density  reaches  1.0506  and  again 
at  1.1304.  The  last  deposit  he  ascribes  to  the  decomposition  of 
sodium  carbonate  and  gypsum  with  the  formation  of  sodium  sul- 
phate and  calcium  carbonate.f  Ochsenius  holds  that  sudden  and 
well  marked  deposits  cf  gjpsum  may  be  caused  by  the  addition 
of  sodium  or  calcium  chloride. 

The  same  line  of  reasoning  which  is  used  to  explain  great  de- 

^  U.  S.  Geol   Sarv  ,  Monograph  a.    Lake  Bonoerire,  p.  190. 
t  Hubbard,  Geol.Surv.  of  Mich.,  Vol.  V,  part  II,  pp.  t-.j 
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posits  of  gyi>sum  may  be  applied  to  many  limestones.  Calcium 
carbonate  in  sea  water  is  one-tenth  as  abundant  as  calcium  sul- 
phate and  for  every  twent>'  feet  of  gj-jismn  two  feet  of  limestone 
must  be  precipitated,  unless  the  calcium  carlxniate  is  converted 
into  some  other  subsfcince.  Since  the  density  re([uired  to  pre- 
cipitate limestone  is  far  below  that  letjuired  lor  de|H>sition 
of  gj'psum  it  is  highly  probable  that  in  many  shallow  seas  but 
slightly  connected  with  the  abyssmal  ocean  limestone  was  con- 
tinuously and  abundantly  deiK)sited.  Such  deposits  nmst  be 
more  widespread  than  gj'i)sum  for  the  same  reasons  that  gypsum 
deposits  must  be  more  abundant  than  salt.  While  laying  stress 
on  this  point  the  fact  probably  remains  that  most  of  the  lime- 
stone of  the  earth  is  of  organic  origin. 

AVliile  conditions  like  those  now  existing  in  the  Mediterranean 
sea  may  in  the  main  be  regarded  as  giving  rise  to  gy])sum  de- 
posits, this  sea  presents  one  peculiarity  which  could  not  have 
characterized  many  of  the  regions  where  gypsum  o<»curs.  Struc- 
tural conditions  indicate  that  most  of  the  gypsum  dejwsits  were 
formed  in  arms  of  a  shallow  epicontinental  sea.  The  Mediter- 
ranean sea  with  its  average  depth  of  1,00)  fathoms  is  truly 
abyssmal. 

Although  there  may  be  some  doubt  as  to  the  exact  manner  in 
which  the  calcium  carbonate  is  removed  from  the  brine  during 
concentration,  the  fact  that  it  is  removed  in  some  one  or  more 
of  the  ways  suggested,  or  by  some  i)rocess  not  yet  brought  to 
light,  may  be  assumed.  This  removes  the  only  serious  diflSculty 
in  conceiving  of  extensive  and  very  pure  deposits  of  gj^psum 
forming  in  basins  only  slightly  yet  continuously  through  long 
periods  cormected  with  the  ocean.  Tlie  Mediterranean  hypo- 
thesis, with  the  modifications  ix)inted  out,  may  be  accepted  as 
accounting  for  the  Iowa  gypsum  as  well  as  similar  deposits  in 
various  periods  of  geological  histor}\  It  must  be  admitted,  how- 
ever, that  chemical  investigations  in  regard  to  the  reactions  be- 
tween salts  in  solution  during  the  process  of  brine  concentration 
must  be  undertaken  before  the  problem  can  be  regarded  as  fully 
solved. 
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Pleistocene  System. 

Throughout  the  county  the  surface  material  lias  been  derived 
from  sources  other  than  the  decay  of  the  underlying  rocks.  The 
soil-forming  agents  to  which  the  county  owes  its  fertility  were 
the  ancient  glaciers  and  their  de])osits  which  consist  of  clay, 
bowlders  and  pebbles  lawlessly  mixed  and  spread  evenly  over 
great  stretches  of  countr}'^  are  called  drift.  The  geological  sys- 
tem to  which  these  deposits  belong  is  tlie  Pleistocene.  Positive 
differences  in  the  nature  of  the  drift  have  led  most  students  who 
are  engaged  in  its  study  to  the  conclusion  that  these  deposits 
were  not  all  made  at  one  time  and  by  a  single  invasion  but  rather 
by  a  series  of  ice  sheets.  The  last  ice  invasion  was  comparatively 
recent,  so  recent  that  the  drift  deposits  that  it  left  behind 
are  but  slightly  oxidized  and  are  almost  unmodified  by  sub- 
sequent erosion.  This  latest  drift  is  called  the  Wisconsin.  Under 
topography  attention  was  called  to  the  slight  amount  of  erosion 
over  the  surface  of  Webster  countv  as  contrasted  with  counties 
in  the  southern  part  of  the  state  which  are  covered  with  the  older 
Kansan  drift. 

Webster  county  lies  within  the  boundaries  of  the  AVisconsin 
drift  as  determined  by  geological  observations  through  this  por- 
tion of  the  state.  The  drift  was  not  always  dei)Osited  with  uni- 
form surface  or  thickness.  This  natural  unevenness  of  the  drift 
aids  the  drainage,  which  is  still  very  imperfect.  Streams  have 
been  able  to  modify  the  surface  but  slightly  and  then  only  in 
their  immediate  vicinity.  At  many  points  in  the  county  the 
sloi)e  is  away  from  the  stream.  A  striking  instance  of  this  may 
be  seen  on  the  river  at  Fain^iew,  two  miles  above  Fort  Dodge. 

In  addition  to  the  topograi)hic  features,  which  aid  only  in  de- 
termining the  age  of  surface  drift,  its  ])hysical  and  chemical 
characteristics  throw  much  light  on  the  age  of  the  deposit  For- 
tunately there  are  many  localities  in  Webster  county  which  give 
complete  vertical  drift  sections.    Some  of  these  are  as  follows: 

Section  in  the  pit  of  the  Fort  Dodge  Bi'ick  and  Tile  Works : 
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FELT. 

4.  Drift,  light  yellow,  not  very  compact,  slight- 
ly jointed,  unleached,  with  manj-  lime 
pebbles    •.     •* 

3.  Drift,  in  most  places  sharply  defined  from 
above,  but  at  times  thin  layers  are  worked 
in  with  it,  graj'  in  color,  with  many  lime- 
stone pebbles,  some  are  oxidized  but  show 
no  ferret  to,  effervesce?  with  acid  less 
than  4 13 

2.  Drift,  not  sharply  defined  from  3.  3'ellow. 
deeper  in  color  than  4.  j»>inted,  very  com- 
pact, oxidized,  espe^'ially  ahmg  joints,  ef- 
fervesces almost  as  viiforouslv  as  4 10 

1.     Coal  Measures   50 


t 


On  the  south  side  of  the  same  pit  another  interesting  section  is 
given.  This  is  well  down  in  the  valley  of  the  Des  Moines, 
about  thirtv  feet  above  the  alluvium. 

FEET.    INCHES. 

.").     Drift,  (riving  place  to  silt  in  the  lower  part 

of  the  section  ^» 

4.  Sand,  yellow.  cr<»ss-bedde<l.  firradually  grow- 
ing harder  from  top  to  bottom,  gradually 
shading  into  3 10 

3.  Sandstone,  yellow,  soft  above,  very  firui 
beneath.  cross»-bed<Ied.  in  turn  shading 
into  2   I  6 

2.  Conglomerate  comprised  of  northern  bowl- 
ders, granite,  etc.,  cemented  by  sand  aud 
iron  all  highly  oxidizetl.  The  largest 
lH»wlders  l</ inches  in  diameter. sonic  of  the 
Imwlders  perhaps  facete<l  thoujrh  oxi- 
daticm  ren<ler>-  surface  features  indistinct      1 

1.     Shale,  Coal  Measure C 

T^e  sandstone  in  this  se<*tion  lies  in  a  small  hollow,  running 
north  and  south,  in  the  C*oal  Measuios.  The  relationship  Ix'tween 
the  different  members  of  this  sei'tion  is  shown  in  the  accomiiany- 
ing  sketch  (Fig.  17).  The  gravels  and  bowlders  in  No.  '1  are  badly 
rusted,  and  many  of  them  are  dei'ayed,  in  which  case  they  show 
oxidation  throughout.  Beneath  the  sandstone  they  are  firmly 
cemented  to  form  the  conglomerate,  which  gradually  shades  into 
the  sandstone  above.  To  the  right,  as  shown  in  the  sketch,  the 
sandstone  shades  gradually  into  sand,  which  for  a  few  feet  over- 
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lies  the  cemented  Ijowlders  and  pebbles  and  then  gives  place  to 
silt.  As  tlie  distance  from  tlie  sandstone  layer  increaeea,  the 
cementing  in  the  conglomerate  becomes  weaker  until  the  con- 
glomerate ai)pears  simply  as  a  very  old  gravel  deposit.  Gravels 
fully  as  old  as  those  shown  in  this  section  occur  on  a  level  about 
ten  feet  higher,  at  the  foot  of  Central  avenue,  above  Heath's  Oat 
Meal  Mill. 

APTONIAN  GRAVELS. 

The  presence  of  the  sandstone  layer  in  the  second  section  given 
above,  taken  in  the  pit  of  the  Fort  Dodge  Brick  and  Tile  Com- 
pany, is  remarkable.  The  stone,  although  appearing  only  as  a 
single  layer,  is  as  substantial  as  the  Dakota  sandstone  of  the  Cre- 
taceous. If  it  were  seen  away  from  its  surroundings  it  would 
certainly  be  regarded  as  much  older  than  the  Pleistocene.  The 
following  considerations,  however,  lead  to  the  belief  that  it  is 
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merely  a  very  old  and  verj'  firmly  cemented  glacial  sand.  Tliis 
sandatone  lies  just  above  and  uneonfonnablc  with  the  Coat  Meas- 
ar^  and  if  it  is  not  Pleistocene,  it  is  to  be  asKociate<l  witli  the 
gypsum.  In  the  pit  of  the  Foit  Uodgc  (.'lay  WorkK  just  across 
the  river  shales  of  the  gj'psum  series  are  exjioswl  in  direct  eon- 
tact  with  the  Coal  Measures.  At  that  point  on  such  confrlonier- 
ate  or  sandstone  a]»i>ears.  While  the  surface  features  of  the 
bowlders  are  so  indistinct  on  account  of  oxidation  that  none  of 
them  can  be  said  to  be  striated,  some  of  them  ai>]>ear  tu  have  l>een 
planed  on  one  or  more  sides.  The  overlying  sand,  wliii-h  no  one 
would  hesitate  to  cidl  Pleistocene,  shades  so  gradually  into  the 
sandstone  that  it  is  impossible  to  draw  any  line  ttetween  them. 
This  sandstone  and  the  gravel,  viewwl  as  PleiKt^x-ene  deixisits, 
are  doabtless  ver>'  old  and  nmy  |H'rha|(s  l>e.st  be  classed  witli  the 
Aftoniau  gravels  found  elsewhere  in  the  state. 


r.    OJdmttl  m  tb«  ;.it  il  lb* 


tb«  ^il  tl  1h«  Fort  Itaift  Brit*  aad  I:  t  Wmh      i.   'Jam)  Mek 


DCBicd  !»vidm  tti  Hue).    I      saoin90r    <,tt»»  tvMstf 


WISCONSIN  DRIFT. 
Drift  section  in  the  pit  of  the  Fort  \hAii*f  */lay  Workf. 

5.     Drift  jvU-j-ar.  >jtjl-B<i.*-d.  Witt  f»-w   if'V.l<i^r'. 


I--rf"-i  i . 
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FEKT.    INCHES. 

3.  Ked    sandy    shales,     calcareous,   in     places' 

showinif  thin  layers  of  sandstone  contain- 
lufT  no  fossils,  nnconforniable  with  the 
drift,  and  Avith  the  underlying-  Coal  Meas- 
ures       4 

2.  Dark  pfurabo  layer,  conforming  to  the  un- 

even surface  of  the  underlying  Coal  Meas- 
ures    G 

1.  Coal  Measure  shaies    30  % 

Slide  two  miles  below  Fort  Dodge,  on  the  river  opposite  Blan- 
don's  Mill. 

FKKT. 

0.  Drift,  lii»"lit  yt'Uuw,  nt)t  C(nni)act,  unlenched, 

many  limestone  pebbles    35 

5.     Drift,  gray,  excej)t  in  color  like  0 ,..   2() 

4.  Drift,  bright  yellow,  except  in  color  like  the 

drift  above   10 

3.  Drift,  gray,  wi4h  same  characteristics  as  5.   30 

2.  Gypi?um  (exiM)sed)   10 

1.  Shale,  Coal  Measures   60 

In  the  drift  of  this  section  careful  sear(*hing  failed  to  reveal 
any  diiTerence  in  leaching  from  top  to  bottom. 

Section  at  IJiadshaw  and  Moeller's  clay  pit  in  West  Fort 
Dodge. 

FEET. 

5.  Silt  like  material,     fine-grained     and     free 

from  lime  and  pebbles   5 

4.  Gravel,  fresh,  water  worn   1 

3.  Drift,    yellow,    uiileached,    no    distinct    oxi- 

dized zone    15 

2.  Aqueo-glacial   sands  and  clay,  finely  strati- 

fied, an  occasional  bowlder  near  the  top. 
sand  getting  coarser  and  more  abundant 

toward  the  bottom  till  all  is  sand 30 

1.     Shale,  Coal  Measures  (exposed)    10 

This  clay  pit  is  near  the  valley  of  the  Des  Moines  on  a  tribu- 
tary ravine.  The  ui)per  silt  wliich  is  free  from  lime  (5  in  the 
section  just  given)  probably  represents  the  silt  of  the  second 
bench  and  similar  deposits  may  l)e  found  at  a  number  of  points 
along  the  river. 

Section  at  Miller's  quarry  (formerly  Baehring's)  near  tlie 
stone  bridge  over  Soldier  creek  in  Fort  Dodge. 
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FKEr. 

5.  Soil 2 

7.     Gravel,  clean.  fre=h.  water  worn.  cro>s  be  1- 

detl  with  nnieh  Uvnv  time   10 

6.  Drift,     not     Odinpaet.     yi'llj^.v,     nnleachjil. 

somewhat  joiiitetl   15 

5.     Soil,  very  dark,  unlca-h^d.  containing  niany 

foreig'n  i>ebbles  and  w<wm.  frag-ments l."* 

4.     Sand,   unoeniented,   varying  in   c'ol«»r  frcnn 

^ray   to   white   containing   hr.np.s   of  c»>al 

and  large  pieces  of  wootl   > 

3.     Sandstone,  single  heavy  la\ er 2 

2.     Limestone,  Saint  Louis  25 

1.     Sandst<»ne.  in  creek  bt*d   1 

Drift  sections  at  Kcbl's  bievvc^iy,  in  (Jy[.suni  Hullow  and  on 
tlie  hillside  near  the  Fort  Tod^re  ceiiieterv  have  already  been 
given.  An  interesting  series  of  drift  exjiosuivs  iiiay  be  seen  on 
the  Lehigh  branch  of  the  Mason  City  and  Fort  Dodpre  lailroad, 
where  the  road  descends  to  cross  the  river,  two  miles  al)ove  Lc- 
high.  The  cuttings  are  eiglit  or  more  in  niimljer  and  most  of 
them  are  forty  or  fifty  feet  deep.  In  a  number  the  upper  drift 
is  vellow  and  overlies  a  blue-firrav  stratum  from  which  it  is  lather 
sharply  distinguished.  Yet  very  close  to  sections  showing  both 
yellow  and  blue  drift  are  others  fully  as  deep  in  which  only  yel- 
low is  found. 

Other  sections  miglit  be  recorded  but  they  would  add  nothing 
to  the  data  already  given.  After  studying  many  of  the  sections 
found  ill  the  countv  and  consideriiii?  the  data  given  bv  well  drill- 
ers,  the  following  general  statements  seem  to  ho  wairanted.  In 
thickness  the  drift  varies  frcm  fiftv  to  one  hun<lied  and  thirtv 
feet.  The  ui)i;er  drift,  always  yellow,  frequently  dilTeis  in  color 
fioni  the  lov.'er.  The  latter  in  manv  sections,  however,  is 
exactly  like  the  upper,  though  generally  more  compact.  AVhen 
drift  of  two  colors  is  found  in  a  se<*tion  the  sejjarating  line  is  not 
always  sharp,  though  it  is  frequently  ver>'  distinct.  The  drift 
nowhere  shows  much  ditference  in  leaching  from  top  to  bottom. 
At  no  point  was  a  highly  oxidized  or  ferretto  zone  obsen^ed.  At 
two  localities  in  the  vallev  of  the  Des  Moines  river  soil  beds 
were  found  covered  by  drift.  The  light  colored  pebbles  charac- 
teristic of  the  Wisconsin  drift  were  found  throughout  all  drift 
sections  regardless  of  depth.    Nowhere  was  loess  found,  the  only 
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substance  resembling  it  being  the  silt  occurring  at  the  Bradshaw 
brickyard. 

Old  Soils  and  Grat'e/^.— Excepting  the  very  old  giavels  in  the 
pit  of  the  Fort  Dodge  Brick  and  Tile  Works  and  at  the  foot  of 
Central  avenue,  Fort  Dodge,  and  the  soil  beds  with  the  thin  drift 
layer  beneath  them,  the  drift  of  the  county  may  be  regarded  as 
Wisconsin.  The  absence  everj^where  of  loess  and  of  the  dark 
brown  oxidized  zone  so  characteristic  of  the  Kansan  surface,  the 
absence  also  of  leaching  in  any  part  of  the  drift,  render  doubt- 
ful the  correlation  of  any  considerable  portion  of  the  drift  with 
the  Kansan.  The  soil  and  drift  found  at  Baehring's  quarry  be- 
neath the  Wisconsin  drift  (described  under  Stratigraphy)  may 
be  thought  to  represent  the  Kansan  and  the  long  interval  which 
elapsed  before  the  Wisconsin.  The  extraordinary  thickness 
(fifteen  feet),  however,  shows  that  it  is  a  soil  formation  out  of 
the  usual  order.  The  abundance  of  wood  in  large  pieces  with 
fragments  of  coal,  especially  the  cross-bedded  sand  shown  in 
No.  4  in  the  Baehring  quarry  section,  render  likely  the  supposi- 
tion that  the  deposit  was  delta-like  in  origin. 
.  Variation  of  Color  in  the  Wisconsin,— The  presence  of  light- 
colored  limestone  pebbles  and  of  limestone  blocks,  many  of  them 
striated,  so  generally  prevalent,  are  positive  Wisconsin  charac- 
teristics. The  fre(iuent  variation  in  color,  however,  is  not  com- 
mon in  the  Wisconsin  drift.  This  phenomenon  is  explained  by 
supposing  that  the  Wisconsin  within  itself  varies  somewhat  in 
age.  It  is  certain  that  across  the  Wisconsin  drift  in  Iowa  a  series 
of  moraines  may  be  traced  which  are  rightly  regarded  as  mo- 
raines of  recession.  One  of  these  is  conspicuous  south  of  Web- 
ster county,  at  Pilot  Mound.  Two  others  cross  northern  Web- 
ster county.  Between  tlie  deposition  of  these  moraines  there  may 
have  been  a  decided  retreat  of  the  ice,  leaving  the  surface  bare 
for  a  considerable  period.  A  subsequent  advance  would  result 
in  a  drift  deposit  above  the  first,  from  which  probably  the  first 
would  be  differentiated.  In  Illinois  Leverett*  finds  an  eariy 
Wisconsin  drift  outside  of  a  late  Wisconsin  series  of  moraines. 
In  the  Wisconsin  he  has  noticed  variations  in  color  similar  to 
those  found  in  Webster  county.*    They  differ,  however,  in  being 

*U.  S.  Geol.  Surv.,  Monograph,  3S.     The  Illinois  Glaciil  Lobe,  p.  191. 


WISCONSIN    DRIFT. 


1^5 


more  i)ersistent.  It  -would  be  impossible  to  found  a  Iwlief  in  an 
earlier  and  later  Wisconsin  simply  on  tbe  color  variations  in  the 
drift  of  Webster  county. 

Coon  Mound  Esker.—In  connection  with  the  toiHJgraphy  of  the 
county  a  hill  in  Lost  Grove  township,  section  9,  locally  known  as 
Coon  Mound,  was  described.  It  Iwlongs  to  the  esker  type  of 
glacial  depofiit.  The  countrj*  around  it  is  extremely  level,  the 
nearest  series  of  morainie  hills  lying  six  miles  to  the  south.  Its 
height  is  fifty  feet,  and  the  dimensions  of  its  base  are  50(1  by  ;JOlt 
feet,  the  longer  axis  extending  north  and  south.  Pebbles  and 
water  worn  sand  enter  largely  into  its  com]»8ition, 

Moraitiic  Belts  in  WebHer  Coiiiitif.  — The  lulls  and  lidges  of 
northern  Webster  county,  described  in  connection  with  the  topog- 
raphy of  the  county,  were  shown  to  be  constructional  snid  inde- 
pendent of  erosion,  which  is  the  oidinary  agent  ]>rodn(iing  an 
uneven  surface.  They  may  be  grouped  in  two  series,  eath  hav- 
ing a  trend  from  west-nortliwest  to  east-soutlieast.  The  northern 
range  extends  from  section  3,  Jackson  township,  eastward  to  a 
point  a  mile  beyond  the  river,  and  has  an  average  width  of  two 
miles.  It  includes  many  coini)aratively  level  tracts.  The  hills 
are  hut  thirty  or  forty  feet  high,  and  their  slopes  are  gradual, 
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offering  no  hindrance  to  agriculture.    Bass  lake  formerly  filled ' 
a  hollow  between  these  uiorainic  hills.  Associated  with  these  hills 
are  kanies,  which  are  capable  of   yielding   great   (juantities   of 
gravel.    One  is  found  in  Deer  Creek  township,  section  10,  Sw.  Vi, 
and  another  in  Badger  township,  center  of  section  8. 

The  town  of  CUare  is  situated  on  the  western  end  of  the  second 
morainic  belt,  which  extends  eastward  from  Clare  across  Deer 
Creek  township,  its  northern  limit  passing  through  the  center  of 
sections  15,  16,  17  and  18,  and  thence  extending  southeast  to  sec- 
tion 1?.").  Its  average  width  is  two  miles.  Forming  a  pari  of  lliis 
moraine,  in  Deer  (h'eek  township,  section  26,  Sw.  i/ij  is  the  highest 
hill  in  the  county.  The  southern  extensiop  of  this  moraine  is  found  , 
in  Douglas  township,  sections  2,  8,  4,  11,  12  and  13.  By  the  road- 
side in  the  middle  of  section  10,  outwash  gravels  may  be  seen. 
A  small  morainic  area  east  of  the  river,  including  the  kame  in 
Badger  townshi}),  section  19,  Sw.  V;,  may  be  associated  with  this 
range. 

A  tliird  morainic  tract,  smaller  than  tlie  two  just  described, 
is  found  east  of  Tara  and  south  of  the  Illinois  Central  track. 
This  tract  is  referred  to  by  Upluun,*  who  suggested  that  it  might 
be  a  part  of  the  Gary  moraine,  and  that  it  might  be  found  to  con- 
nect at  the  south  with  the  moiaine  which  is  so  well  developed 
at  Pilot  Mound.  Careful  study  of  the  region  to  the  south,  how- 
ever, does  not  support  this  supposition.  This  morainic  tract  ex- 
tends across  parts  of  sections  27  and  28,  Douglas  township.  In 
the  middle  of  section  28  there  is  a  kame  yielding  gravel. 

Pre-Wisconsin  Valley  of  the  Des  Moines.— It  the  topographic 
evidence  alone  is  considere<l,  the  valley  of  the  Des  Moines  must 
be  regarded  as  very  young.  Its  width  is  not  great  and  its  sides, 
although  for  the  most  jmrt  composed  of  soft  material,  are  exceed- 
ingly steep.  The  country  adjacent  to  the  river  is  but  slightly 
dissected  and  tributary  streams  within  the  county,  great  and 
small,  are  few.  The  stream  seems  to  be  reworking  a  pre-Wis- 
consin,  perhaps  pre-Kansan,  valley.  Tlie  evidence  is  revealed  in 
deep  cuttings  in  both  banks,  the  best  instances  being  the  pits  of 
the  Fort  Dodge  Clay  Works  and  the  Fort  Dodge  Brick  and  Tile 
Works,  which  are  on  opi)Osite  sides  of  the  river.    At  these  points 

•  AuD.  Kept.  State  Geologitt  Mionecota,  p.  305,  1880, 
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the  Wisconsin  drift  is  seen  to  come  far  down  the  slopes,  to  the 
very  edge  of  the  flood  plain,  while  the  indurated  rock,  here  Coal 
Measure  shale,  has  a  contour  quite  independent  of  drift,  which 
on  the  steep  banks  is  unassorted  and  cannot  be  regarded  as  hill- 
side wash?  The  position  of  the  shale  is  practically  horizontal 
and  the  old  valley  was  independent  of  synclinal  folding.  Mining 
in  the  gypsum  along  Two  Mile  creek  shows  that  the  courses  of 
minor  streams  are  determined  by  pre-Wisconsin  drainage.  Near 
the  creek  the  gypsum,  though  covered  by  a  very  heavy  layer  of 
drift  is  found  to  be  badly  cut  up  by  the  erosion  of  a  stream 
which  followed  the  course  of  the  present  creek.  Wisconsin  drift 
apparently  nearly  filled  the  valley,  but  a  depression  sufficient 
to  determine  the  course  of  the  subsequent  stream  remained. 
The  inability  of  the  Wisconsin  drift  to  materially  alter  drainage 
lines  within  the  county  raises  a  question  in  regard  to  the  thick- 
ness of  this  drift.  If  all  of  the  eighty  or  one  hundred  feet  of 
drift  within  the  county  is  Wisconsin,  it  would  seem  sufficient  to 
wholly  obscure  a  small  valley  like  that  of  Two  Mile  creek.  Yet 
the  nature  of  the  drift  precludes  the  possibility  of  ascribing  any 
of  it  except  certain  gravels  insignificant  in  extent,  to  any  agent 
except  the  Wisconsin  ice.  The  old  gravels  already  described, 
which  occur  in  a  depression  a  little  above  the  present  flood  plain 
of  the  Des  Moines  river,  indicate  a  hollow  here  before  the  Kan- 
san  drift  covered  the  region.  If  the  valley  has  been  continuously 
occupied  by  a  stream  as  large  as  the  present  Des  Moines,  the  ex- 
tent of  the  cutting  in  the  Coal  Measures  seems  small.  Allowance 
of  course  must  be  made  for  the  fact  that  the  drift  from  two  ice 
sheets  filled  the  valley  and  had  to  be  removed  before  the  stream 
could  attack  the  indurated  rock.  Taking  this  fact  into  account, 
it  still  is  probable  that  the  interglacial  stream  was  smaller  than 
the  one  now  occupying  the  valley. 

Terraces  on  the  Des  il/oiwe^.— Remnants  of  an  extensive  gravel 
terrace  high  up  on  the  banks  of  the  Des  Moines  river  are  found  in 
the  vicinity  of  Fort  Dodge.  A  portion  of  it  constitutes  the  fair 
ground  and  the  gravels  are  well  exposed  on  Soldier  creek  at  Mil- 
ler's (formerly  Baehring's)  quarry,  near  the  stone  bridge  in  Fort 
Dodge.  It  appears  also  back  of  the  city  hospital  and  on  the  bank 
of  the  river  in  west  Fort  Dodge,  Cooper  township,  section  30,  Ne. 

10  G  Rep 
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1/4  of  Se.  Vi-  Such  gravel  terraces  along  streams  traversing  or 
bordering  the  Wisconsin  drift  are  not  uncommon.  During  the  re- 
treat of  the  glacier  vast  quantities  of  water  were  discharged  into 
the  streams  till  their  energy  was  sufficient  to  carry  heavy  loads 
of  detritus  in  the  f onn  of  sand  and  gravel  for  many  miles.  The 
feature  of  this  gravel  terrace  that  is  unusual  is  its  elevation  above 
present  water  level. 

The  facts  considered  in  the  preceding  paragraph  suggest  an 
explanation.  If  the  valley  at  the  retreat  of  the  Wisconsin  ice 
was  nearly  filled  with  drift  while  yet  some  depression  remained, 
the  glacial  stream  issuing  from  the  ice  during  its  retreat  would 
naturally  follow  this  old  channel.  Gravels  would  be  deposited 
abundantly,  the  greater  part  of  which  would  be  carried  away  as 
the  stream  cut  down  through  the  soft  underlying  drift,  leaving 
only  here  and  there  fragments  of  the  deposit  in  the  form  of  a 
terrace.  The  gravel  terrace  is  now  150  feet  above  water  level. 
The  river  has  cut  only  a  few  feet  into  the  indurated  rocks  since 
the  Wisconsin  ice,  and  the  conclusion  follows  that  the  valley  was 
filled  with  drift  to  a  depth  of  nearly  150  feet.  This  is  probable, 
for  the  drift  on  the  level  often  reaches  this  depth. 

In  the  lower  valley,  where  a  gravel  terrace  might  be  looked  for,  a 
terrace  of  silt,  brown  in  color,  fine-grained,  free  from  sand  and 
pebbles,  and  containing  very  many  shells  of  the  land  snail  Meso- 
don,  is  found.  Dr.  Beyer  speaks  of  a  similar  terrace  in  his  report 
on  Boone  countv.*  It  is  twentv  feet  above  the  alluvial  bottom  land 
and  is  made  up  of  the  same  material  that  is  found  in  the  lowest 
part  of  the  valley.  The  silt  terrace  along  the  Des  Moines  is 
shown  in  figure  27  and  its  relation  to  prehistoric  remains  found 
above  Lehigh  is  discussed  in  a  separate  paragraph. 

ECONOMIC  PRODUCTS. 
Gypsum. 

COMPOSITION  AND  CHARACTERISTICS  OF  GYPSUM. 

Gypsum  is  sulphate  of  calcium  with  water  of  crystallization. 
It  is  represented  by  the  chemical  formula  CaS04+2H,0,the  water 
of  crystallization  forming  20.93  per  cent  of  the  whole.    Gypsum 

•  Ann.  Rept.  Iowa  Geo^.  Surv.,  Vol.  V,  p.  182. 
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occurs  most  abundantly  in  sedimentary  rocks  with  sandstone, 
limestone  and  rock  salt.  In  volcanic  regions  it  is  often  found  in 
limited  quantities  filling  cavities  in  lava.  Its  presence  there  is 
ascribed  to  the  sulphur  exhalations  always  present  in  volcanoes. 
Gypsum  crystals  are  conunon  also  in  the  clays  and  shales  of  vari- 
ous geological  ages  in  Iowa,  particularly  in  those  of  the  Coal 
Measures.  Anhydrite  is  a  mineral  having  the  same  chemical 
formula  as  gypsum,  but  lacking  the  water  of  crystallization.  On 
exposure  to  the  air  it  may  take  on  this  water  and  become  gypsum. 
In  its  crystalline  form  gypsum  is  called  selenite.  By  mineral- 
ogists selenite  is  placed  in  the  monoclinic  system.  The  common 
form  is  the  vertical  prism.  Cleavage  is  nearly  i)erfect  parallel  to 
the  face  010,  and  this  gives  rise  to  the  common  belief  that  the  min- 
eral is  mica.  Twin  crystals  are  common,  the  twinning  taking 
place  along  the  orthopinacoid.  Gypsum  according  to  its  natural 
structure  is  considered  under  the  heads  of,  1.  crystalline  gypsum 
or  selenite ;  2.  fibrous  gypsum,  when  fibers  are  very  long,  called 
satin  spar;  3.  granular  gj^psum,  when  white  called  alabaster;  4- 
gypsum  powder  or  gypsum  earth. 

Gypsum  may  be  wholly  colorless  and  transparent,  as  in  selen- 
ite ;  or  may  be  white,  red,  green,  blue,  gray  or  brown.  It  is  quite 
soft,  its  hardness  ranging  in  tenns  of  the  Mohr  scale,  from  1.5 
to  2.  Its  specific  gravity  with  that  of  products  made  from  it,  con- 
trasted with  limestone  and  lime  mortar,  is  shown  in  the  following 
table: 

Limestone   2.46  to  2.84 

Quicklime 2.30  to  3.18 

Lime  mortar    1.64  to  1.86 

Gypsum    2.30  to  2.40 

Calcined  gypsum    1.81 

Portland  cement   2.72  to  3.03 

Gypsum  is  somewhat  soluble  in  water,  the  solubility  varying 
with  the  temperature,  as  shown  in  the  following  table  of  Marig- 
nac*  which  has  been  verified  by  Grimsley* : 

•  Anoales  detbimie  Parip,  jth  Ed. ,  Vo'.  T,  pp.  274-1^1.  Qucted  by  ChatarJ,7th  Ann.  U.  S.  Geo'. 
Sur?  ,  and  by  Grimsley  in  tbe  Univ.  Geol.  burv.  of  Kansas,  Vol.  V,  p.  86. 
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TBMPBRATURB. 

ONE  PART  GYPSUM 
DISSOLVES  IX— 

ONE  PART  ANHYDROUS  SUL- 
PHATE LIME  DISSOLVES  Uf — 

At  32**   F=0^   C 

415 

386 
378 
371 
368 
370 
375 
391 
417 
452 

parts 

of  water 

525  part 

488 

479 

470 

466 

468 

474 

495 

528 

572 

.s  of  water. 

At  64.5®  F=18®  C 

At  75.2"*  F— 24^  C 

At  89.6°  F— 32''  C 

At  100.4®  F— 38®  C 

At  105  8®  F=41^  C 

At  127.4®  F— 53"*  C 

At  161.6®  F— 72®  C 

At  186  8^  F=8S®  C 

At  212®  F— 100®  C 

N.\TURE  OF  THE  WEBSTER  COUNTY  GYPSUM. 

The  mode  of  occurrence  of  the  Webster  county  gypsum  has 
been  more  minutely  set  forth  in  this  report  under  the  heading 
strati  gra])hy.  A  concise  restatement,  however,  is  in  place  at  this 
point.  It  lies  directly  under  the  glacial  drift  which  varies  in 
thickness  from  one  to  one  hundred  feet.  Natural  exposures  occur 
along  the  Des  Moines  river  which  crosses  the  gypsum  area  and 
along  many  of  its  tributaries.  The  gy])sum  foniis  a  practically 
horizontal  bed,  vaiying  in  thickness  from  ten  to  twenty-five  feet. 
It  is  of  the  finely  fibrous  variet>%  nearly  free  from  impurities  and 
not  interspersed  with  layei's  of  foreign  material.  Crystals  rarely 
occur  in  the  laj^ers  of  fibrous  gypsum,  though  they  are  common 
in  tlu  Coal  Measure  shales  of  the  countv. 


EXTENT  AND  AVAILABILITY  OF  WEBSTER  COUNTY  GYPSUM. 

It  may  be  safely  affirmed  that  there  are  from  sixty  to  seventy 
square  miles  of  territory  underlain  by  gj'psum.  Future  pros- 
pecting will  enlarge  this  estimate  rather  than  diminish 
it.  At  least  forty  square  miles  may  be  considered  avail- 
able for  economic  pur])Oses.  A  limited  portion  of  the 
total  area  will  prove  unavailable  on  account  of  the  thinness  of 
the  deix)sit.  Prospecting  has  also  demonstrated  that  at  points 
within  the  gj^psum  area  the  gypsum  has  teen  removed  by  pre- 
glacial  erosion.  For  this  reason  careful  prospecting  should  pre- 
cede the  choosing  of  a  site  for  mill  purposes.  '  As  is  shown  by 
the  map,  the  gypsum  area  is  cut  in  two  by  the  Des  Moines  river, 
and  large  quantities  of  the  mineral  have  been  removed  by  the 
erosion  of  this  stream  and  its  tributaries.    Away  from  the  river 
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the  topography  of  the  gypsum  area  is  that  of  a  very  level  prairie. 
In  the  early  days  of  the  gypsum  plaster  industry  the  natural  ex- 
posures in  the  bluffs  along  the  river  and  along  Two  Mile  creek 
were  regarded  as  most  available.  At  present,  however,  the  gyp- 
sum on  the  prairie  away  from  the  river  is  conveniently  mined  by 
means  of  shafts.  The  gj^psum  area  is  crossed  by  four 
railroads;  the  Chicago,  Rock  Island  and  Pacific,  the  Minneapolis 
and  Saint  Louis,  the  Illinois  Central  and  the  Mason  City  and 
Fort  Dodge.     Shipping  facilities,  therefore,  are  excellent. 

PERMANENCE  OF  THE  GYPSUM  SUPPLY. 

The  great  thickness  of  the  gypsum  in  Webster  county  and  its 
purity,  together  with  its  extent  make  the  supply  practicalb^  inex- 
haustible. The  Iowa  Plaster  Company  estimates  that,  since  be- 
ginning operations  in  1872  it  has  removed  the  gypsum  from  only 
fifteen  acres.  A  conservative  opinion  as  to  the  total  amount  of 
gj'psum  removed  up  to  date  (summer,  1900)  ])laces  it  at  twenty- 
five  acres.  If  the  gypsum  area  is  regarded  as  only  fifty  square 
miles  in  extent,  certainly  a  moderate  estimate,  there  remains 
twelve  hundred  and  eighty  times  as  much  gypsum  as  has  been 
removed  since  the  beginning  of  the  plaster  industry.  The  aver- 
age thickness  of  gypsum  suitable  for  plaster  is  ten  feet  and  the 
yiel  1  per  acre  of  such  gypsum  is  at  least  30,000  tons. 

DISTRIBUTION    OF    GYPSUM    AND    MARKETS    FOR    GYPSUM    PRODUCTS    IN    THE 

UNITED  STATES. 

As  an  initial  step  in  an  analysis  of  the  future  of  the  Iowa  gyp- 
sum plaster  industry,  it  is  necessary  to  review  the  development  of 
the  industry  in  the  country  at  large,  in  order  to  determine  the 
likelihood  of  more  vigorous  competition  in  the  future  and  from 
what  quarters  it  may  be  expected. 

In  the  first  place  deposits  of  gypsum  are  restricted  to  very  lim- 
ited and  widely  scattered  areas.  Since  the  finished  product  is 
heavy,  cost  of  shipment  will  always  be  a  large  factor  in  deter- 
mining the  portion  of  country  that  can  be  reached  by  any  produc- 
ing area,  and  will  give  each  area  an  advantage  over  the  others  in 
a  certain  amount  of  territory.  Gypsum  near  the  Rocky  Moun- 
tains and  farther  west  will  never  compete  with  the  Iowa  mineral 
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and  deposits  in  this  region  need  not  here  be  considered.  In  the 
region  east  of  the  Rockies  gypsum  is  found  at  the  following 
localities : 

New  Zorfe.— Gypsum  is  found  at  a  number  of  points  from  Buf- 
falo as  far  east  as  Madison  county.  Deposits  of  considerable 
thickness  lie  at  moderate  depths  beneath  the  city  of  Buffalo  but 
are  unavailable  on  account  of  the  amount  of  water  present  which 
prevents  mining.  The  largest  quarries  in  the  state  are  at  Union 
Springs  where  sixty  tons  a  day  are  quarried. 

Gypsum  in  layers  of  considerable  thickness  occurs  near  Syra- 
cuse and  much  of  it  is  reported  as  suitable  for  plaster  of  Paris 
and  wall  plaster. 

Ofeio.— Deposits  of  gypsum  of  economic  importance  occur  at  a 
single  point  in  Ohio,  in  Ottawa  county,  ten  miles  west  of  San- 
dusky. The  area  is  small  and  is  nearly  all  under  the  control  of 
mills  already  established.  A  large  portion  of  the  product  is  con- 
verted into  crayon. 

Michigan.^ln  this  state  gypsum  has  been  most  extensively 
developed  in  Kent  county  near  Grand  Rapids.  Here  five  mills 
each  with  a  daily  capacity  of  seventy-five  tons  are  in  successful 
operation.  The  mineral  is  obtained  by  stripping  and  mining,  as 
its  depth  varies  from  two  to  seventy  feet.  These  mills  are  not 
able  to  avail  themselves  of  cheap  lake  freight  rates  since  the 
Grand  river  is  navigable  for  only  part  of  the  forty  miles  which 
lie  between  Grand  Rapids  and  the  lake. 

The  Michigan  gypsum  series  forms  a  ring  nearly  ten  miles 
wide  about  Lansing  as  a  center.  It  varies  in  depth  and  thickness 
and  not  until  the  eastern  side  of  the  state  is  reached  are  the  de- 
posits again  economically  significant.  At  Alabaster  in  Iosco 
county  on  Lake  Huron,  the  gj^psum  outcrops  directly  on  the  lake 
and  is  utilized  by  a  large  plaster  mill  which  is  located  there. 
From  the  same  point  the  uncalcined  rock  is  shipped  to  Chi- 
cago where  it  is  converted  into  wall  plaster.  Across  the  bay,  in 
Huron  county,  gypsum  is  also  found  but  the  extent  of  the  dei>osits 
here  is  not  known. 

In  the  vicinity  of  St.  Ignace  gypsum  exists  in  considerable 
quantities  in  close  proximity  to  the  lake  and  though  the  deposits 
promise  well  they  are  at  present  wholly  undeveloped. 
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Fir (iftnta.— Stretching  across  Smyth  county  and  entering  Wash- 
ington county  in  southwestern  Virginia  is  a  gypsum  area  of  large 
proportions.  The  amount  exposed  on  the  surface  covering  a  tract 
twenty  miles  long  and  two  miles  wide,  is  not  remarkably  great 
but  a  known  thickness  of  592  feet  for  the  deposit  makes  the  quan- 
tity of  mineral  per  acre  very  large;  estimated  by  Boyde*  at 
666,000  tons.  The  region  is  traversed  by  the  north  fork  of  HqI- 
stein  creek  and  by  the  Norwalk  and  Western  railroad. 

Kansas.— 'Eleven  operating  mills  in  Kansas  place  that  state  in 
the  front  rank  of  gypsum  producers.  The  raw  material  is  found 
at  very  many  points  through  a  tract  averaging  eighty  miles  in 
width  and  stretching  from  the  northern  to  the  southern  boundary 
of  the  state.  Mills  are  most  numerous  near  Blue  Rapids  in  the 
northern  part  of  the  state;  in  southern  Dickinson  county,  in  the 
center  and  near  Medicine  Lodge,  in  the  extreme  south.  The  gyp- 
sum deposits  are  of  two  varieties :  ( 1 )  gypsum  rock  not  unlike  the 
Iowa  mineral,  (2)  earth  and  mud  plaster  which  consists  of  fine 
gypsum  crystals  loose,  through  which  a  certain  amount  of  clay 
is  disseminated.  Six  mills  use  gj^psum  rock  and  five  gypsum  earth. 
The  g}''psum  earth  requires  no  mining  or  quarrying  for,  lying 
on  the  surface  in  deposits  from  six  to  ten  feet  deep,  it  can  be  exca- 
vated with  scrapers.  The  clayey  impurities  do  not  seem  to  be  an 
especially  undesirable  element. 

Texas.— The  gj^psum  deposits  of  Texas  are  said  to  be  the  most 
extensive  in  the  United  States.  In  thickness  they  vary  from  one 
to  twenty  feet  and  extend  from  the  union  of  the  North  Fork  and 
Red  river  on  the  north-central  boundary  to  the  town  of  Sweet- 
water in  the  center  of  the  state.f  The  Texas  and  Pacific  railroad 
reaches  the  deposits  at  Stillwater  and  the  Fort  Worth  and  Denver 
near  Quanah. 

South  Dakota.— An  abundance  of  gypsum  in  the  Black  Hills 
has  resulted  in  the  erection  of  one  or  two  small  mills  in  the  vic- 
inity of  Hot  Springs.  The  deposits  are  excellent  but  the  absence 
of  a  convenient  market  and  limited  fuel  will  always  greatly  re- 
strict the  industry. 

Canada.— Immense  deposits  of  gypsum  in  Canada  conveniently 
located  for  ocean  shipment  have  had  a  definite  effect  on  the  gyp- 

^  Resoarces  of  Southwest  VirffioU,  1881. 
t  Geol.  Surv.  of  Texas,  ad  Ann.  Rtpt. ,  1890. 
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sum  industry  of  America.  These  are  the  deposits  in  Nova  Scotia 
which  are  quarried  and  sent  to  New  York  for  development.  The 
extent  of  this  industry  is  shown  in  the  tables  below. 

Production  of  Gypsum  in  the  United  States ^  in  tons  of  2^000  pounds  * 


STATES . 


1900. 


California 

Colorado 

Indian  Territory  acd  Oklahoma 

Iowa 

Kansas 

Michigan 

Montana 

New  York 

Ohio 

Oregon 

South  Dakota 

Texas 

Utah 

Virginia 

Wyoming 

^ettimated. 


3,875 

3,663 

1,570 

1,600 

15,229 

20,750 

38,338 

51,958 

49,720 

82,016 

93,181 

144,776 

400 

304 

46.477 

39,390 

e  23,000 

25,000 

150 

500 

3,750 

600 

24,417 

34.214 

e    3,000 

1,700 

8,125 

12,773 

3,633 

2,817 

3,500 

4.000 

16,975 

92,201 

90,000 

150,000 

.325 

42,874 

25,000 

450 

750 

42,000 

2,247 

10.885 

2.995 


The  average  price  per  ton  in  1899,  for  crude  gypsum  was  $1.14; 
for  land  plaster  $2.01 ;  for  plaster  of  Paris  $3.91.t  The  average 
value  of  wall  plaster  for  1900  may  be  estimated  at  $4.75. 

Gypsum  imported  into  the  United  States  in  metric  tons,* 


YEAR. 


GROUND  OR 

UNGROUND. 

CALCINED. 

• 

u 

. 

u 

>> 

■*mt 

8. 

a 

a 

In 

o 

cS  O 

0 

ca  o 

a 

> 

a 

>" 

l-i 

t    o 

►r*S  o 


1896 
1897 
1898 
1899 
1900 


3,348 

$  6.58 

183,165 

$  1.06 

2,707 

6.29 

165,812 

1.08 

3,021 

6.12 

168,723 

1.09 

3,317 

5.80 

199,724 

1.10 

3,159 

6.07 

21^239 

1.08 

$  11,722 
16,715 
40,970 
58.073 
66,473 


Most  of  the  unground  gypsum  was  shipped  from  Nova  Scotia 
to  mills  in  New  York. 


^  From  Mineral  lodustry.  R.  P.  Rothwell,  1900. 
t  aitt  Aon.  Rep.  U.  S.  Geol.  Surv. ,  1899-1900. 
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Production  of  gypsum  in  the  Principal  countties* 


YEAR. 


CANADA . 


FRANCE. 


UNITHD 
KINGDOM. 


UNITED 
STATES. 


1894. 

1895 

1896 

1897. 

1898. 

1899. 


202,877 
205.187 
187.818 
217, 39> 
198.909 
221.862 


2,456,150 
2,051.124 
2,004.339 
2.115.261 
1.978.963 


155.905 
180.738 
196.404 
184.287 
199.174 
215,974 


273,553 
237,399 
201,305 
272,493 
285,644 
382,891 


The  productioii  in  Gennany  cannot  be  stated  exactly,  no  statis- 
tics being  given  for  Prussia  where  the  industry  is  best  developed, 
but  it  probably  falls  but  little  short  of  that  of  France. 

On  account  of  limited  shipping  facilities  the  mills  of  South 
Dakota  cannot  send  their  goods  to  a  field  where  they  compete  with 
the  Iowa  product.  Freight  rates  also  favor  the  Iowa  over  the 
Michigan  and  Kansas  mills  throughout  a  considerable  territory. 
There  is  no  gypsum  in  Iowa  outside  of  Webster  county,  and 
competition  from  other  points  within  the  state  is  impossible. 
With  the  growth  of  population  the  demand  for  gypsum  plaster 
will  increase.  The  dark  days  in  the  history  of  the  gypsum  in- 
dustry were  at  the  time  of  the  introduction  of  hard  plaster.  Those 
times  have  long  since  passed  and  every  year  gives  a  fuller  rec- 
ognition to  the  worth  of  gypsum  plasters.  The  accompanying 
report  on  the  German  gypsum  industry  suggests  a  number  of 
ways  in  which  gypsum  products  may  be  multiplied. 

Those  who  hold  land  underlain  with  gypsum  will  meet  with 
disappointment  if  for  this  reason  they  value  it  at  an  extravagant 
figure.  The  great  production  of  gypsum  per  acre  limits  the  de- 
mand for  gypsum  land.  Not  before  some  hundreds  of  years  have 
elapsed  will  the  amount  of  available  gypsum  land  become  limited. 
Nearness  to  railroads  gives  certain  tracts  an  advantage  of  course, 
which  will  appear  in  an  increased  valuation. 

HISTORY  OP  THE  GYPSUM  PLASTER  INDUSTRY  IN  WEBSTER  COUNTY. 

The  first  gypsum  mill  in  Webster  county  was  erected  in  1872 
at  the  head  of  Two  Mile  creek,  better  known  as  Gypsum  Hollow, 
close  to  the  Illinois  Central  track.  It  has  recently  been  remodeled 
and  is  now  known  as  the  Central  mill  of  the  Iowa  Plaster  Asso- 

^  From  Mineral  Industry,  R.  P.  Rotbwell,  1900. 
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elation.  The  founders  of  the  gypsum  plaster  industry  in  this 
state  were  Captain  George  Ringland  and  Messrs.  Webb  Vincent 
and  S.  Meservey. 

At  this  time  gypsum  was  used  only  for  making  finishing  plas- 
ters. Experiments  were  undertaken  to  prove  the  worth  of  cal- 
cined gypsum  in  making  hard  wall  plaster.  In  1878  small  quan- 
tities of  material  prepared  for  this  purpose  were  put  upon  the 
market  It  was  not  taken  up  readily  by  builders,  but  in  time  its 
worth  was  made  clear.  Had  the  use  of  gypsum  been  confined  to 
the  making  of  finishing  plasters  the  industry  could  never  have 
attained  its  present  proportions.  In  1882  the  lower  mill  in  *  *  Gyp- 
sum Hollow"  was  erected,  and  this  was  followed  in  1885  by  the 
Blandon  mill.  The  interests  represented  by  these  three  mills 
were  later  consolidated,  and  are  now  known  as  the  Iowa  Plaster 
AssociaticJn.  Shortly  after  the  erection  of  the  Blandon  mill,  the 
Duncomb  mill  was  built  at  the  mouth  of  Two  Mile  creek.  Thus 
three  mills  stand  today  on  ** Gypsum  Hollow,"  through  which 
Two  Mile  creek  flows.  In  1895  the  Cardiff  mill,  representing 
Fort  Dodge  capital,  began  0]>erations.  This  was  the  first  of  the 
mills  built  on  the  prairie.  On  account  of  the  thickness  of  the 
drift  stripping  was  impossible,  and  mining  by  means  of  a  ver- 
tical shaft  was  begun.  The  success  of  this  mill  encouraged  the 
erection  of  other  mills  on  the  prairie,  and  in  1899  the  Crawford 
mill  was  completed,  and  in  the  spring  of  1900  the  Mineral  City 
mill  made  its  first  shipments.  Another  mill  is  at  present  (August 
1900)  under  consideration.  Most  of  the  stock  for  this  mill  has 
been  subscribed  in  Waterloo  and  Fort  Dodge.  The  location  se- 
lected is  in  Pleasant  Valley  township,  Nw.  i/4  of  section  4.  Drill- 
ings at  that  point  show  forty  feet  of  soil  and  red  shale,  and  sev- 
enteen to  twenty-two  feet  of  gypsum.  The  seven  mills  in  opera- 
tion at  present  have  a  total  capacity  of  600  tons  of  stucco  per  day 
of  ten  hours.  The  location  of  all  of  the  mills  and  mines  is  shown 
on  the  small  geological  map  of  the  region  immediately  about  Fort 
Dodge. 

NATURE  OF  GYPSUM  PLASTER. 

Gypsum  plaster  is  gj^psum  that  has  been  finely  ground  and  then 
calcined.    This  latter  process  consists  in  uniformly  heating  the 
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gypsum  to  a  temperature  of  120^-180^  centegrade  (250^-270^ 
Fahrenheit)  During  the  process  the  gypsum  loses  14  per  cent  of 
its  water  of  crystallization.  Chemical  analysis  shows  that  the  gyp- 
sum (Ca  SO*-!-  2H,0)  by  calcining  is  changed  to  the  hydrate  (Ca 
SO4 ),  H,0.  A  temperature  as  low  as  80^  centigrade  has  been 
found  suflScient  if  calcining  is  continued  for  a  veiy  long  time. 

The  property  on  which  the  value  of  gypsum  plaster  depends  is 
its  tendency  to  ' '  set, ' '  or  f onn  a  hard,  firm  mass  when  water  is 
added  to  it.  It  is  of  interest  for  both  theoretical  and  practical 
reasons  to  know  the  causes  of  the  setting  of  stucco.  The  follow- 
ing statement  is  a  condensation  of  the  more  elaborate  explanation 
of  Grimsley*  whose  experiments  confi  nn  and  enlarge  on  the  pre- 
vious work  of  Marignac  and  Chatelier. 

When  water  is  added  to  gj^psum  plaster,  a  certain  amount  of  the 
gypsum  is  taken  into  solution.  When  a  sohition  is  saturated,  it 
requires  but  little  to  start  the  process  of  (crystallization  from  solu- 
tion. The  presence  of  crystal  fragments  is  an  excx^llent  incentive 
to  crystallization  from  such  a  solution.  These  fragments  are  fur- 
nished by  the  coarser  particles  of  stucco.  AlK>ut  these  as  nuclei 
the  crystals  of  gj-p^um  rapidly  grow,  each  mol(*cule  of  the  hy- 
drate taking  to  itself  three  molecules  of  wat(*r,  either  in  the  pro- 
cess of  solution  or  of  cr>'stallization  or  of  both,  in  ac^jordance  with 
the  following  formula : 

(Ca  SO. ),  U,0+3  H,0=2  (Ca  SO.  +  2  H/).) 

The  growth  of  gypsum  crj'stals  in  this  manner,  from  the  satur- 
ated solution  of  the  stucco  or  hydrate,  cx)nstitutes  the  ^^sef  of 
plaster. 

It  is  well  known  that  the  setting  i>ower  of  calcined  plaster  is 
lost  or  injured  if  the  ground  g>'psum  is  either  over  calcjn<*<i  or 
under  calcined.  Calcining  af5<5if>mpljshes  two  things.  It  breaks 
up  into  fine  particles  tlie  ground  gj'psum,  and  drives  off  f>art  of 
the  water  of  crystalliation.  If  the  gypHum  is  umler  ^'^Icined, 
therefore,  the  hydrate  is  not  formed,  and  if  it  is  over  calcined  the 
particles  are  so  eonmiinuted  tlxat  they  no  longer  furnish  the  cr>^s- 
talline  nuclei  neoessar>'  to  start  tlie  setting.  The  finer  the  gyp- 
sum is  ground,  the  more  readily  it  is  taken  intr>  soluti<>n,  and  tlie 
more  readily  plaster  made  therefrom  sets,     (.'oarser  fragments 


•Vwtn.  GmL  San.  of  Kjoms.  VoL  V.  pp.  ^^. 
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are  still  abundant  enough  to  furnish  the  necessary  nuclei.  Fine 
grinding  does  not  destroy  the  setting  power  of  gypsum  plaster, 
as  over  calcining  does. 

NATURE  OF  RETARDER. 

Nearly  all  of  the  calcined  gypsum  made  in  Iowa  is  used  for 
hard  wall  plaster  and  only  a  limited  amount  is  sold  for  finishing. 
At  the  mills  the  calcined  gypsum  is  mixed  with  retarder  and  hair 
for  the  convenience  of  the  user.  Seven  pounds  of  retarder  and 
one  and  one-half  pounds  of  hair  are  added  to  each  ton  of  calcined 
gypsum.  Stucco  sets  naturally  in  from  six  to  fifteen  minutes.  In 
spreading  on  walls  and  in  manipulating  in  other  ways,  it  cannot 
be  handled  so  rapidly  and  consequently  it  was  found  necessary 
to  introduce  something  into  the  plaster  that  would  check  the  set- 
ting. Anything  that  will  interfere  with  the  rapid  growth  of  the 
crystals  will  bring  about  the  desired  result.  Blood  was  used  as  a 
retarder  by  the  ancient  Romans.  Glue  water  was  formerly  mixed 
with  the  plaster  by  the  workman  as  he  used  it.  At  present  the 
trade  demands  a  plaster  through  which  the  retarder  is  already 
uniformly  mixed.  The  amount  of  retarder  necessary  is  small. 
Very  many  combinations  to  be  used  as  retarders^  for  gypsum  plas- 
ters have  been  invented.  In  the  Fort  Dodge  mills,  a  retarder 
made  at  Webster  City,  Iowa,  is  commonly  used.  In  many  of  the 
patent  retarders,  glue,  glycerine,  sawdust,  slaked  lime  and  fiber 
are  the  chief  ingredients.  In  regard  to  the  effect  of  retarder  on 
the  strength  of  plaster  oi>inions  differ.  A  good  retarder  should 
simply  hinder  the  growth  of  crystals  and  contain  nothing  which 
by  decay  will  cause  disintegration  in  the  mass  in  which  it  is  con- 
tained. Retarders  having  these  properties  probably  do  not 
weaken  the  plaster.  Less  retarder  is  used  in  summer  than  in  win- 
ter. After  retarder  is  added  to  calcined  gypsum  it  keep*  a  much 
shorter  time.  When  retarder  is  mixed  in  calcined  gypsum  the 
plaster  deteriorates  somewhat  after  two  months  in  summer  and  six 
months  in  winter. 

PRODUCTS  OF  AMERICAN  GYPSUM  MILLS. 

*,'  ,*•  -.-.1 

Hard  Wall  Plasters.— ^ost  of  the  calcined  gypsum  of  America, 
as  has  already  been  said,  is  used  in  plastering  interior  walls.  For 
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this  purpose  it  is  mixed  in  proportions  given  in  the  preceding 
paragraph  with  hair  and  retarder.  In  this  form  it  leaves  the  mills 
packed  in  sacks  or  barrels,  and  is  given  to  the  building  trade. 
The  builder  mixes  it  with  sand  and  water  just  before  he  is  ready 
to  apply  it  as  a  covering  for  an  interior  wall.  The  higher  the 
percentage  of  sand  that  can  be  mixed  with  a  gypsum  plaster,  the 
better  from  the  standpoint  of  economy.  The  gj'psum  which  the 
building  trade  supplied  by  the  Iowa  mills  demands,  and  with 
which  it  is  furnished,  is  a  gypsum  plaster  which  will  make  an  en- 
during wall  when  mixed  with  twice  or  three  times  its  own  bulk 
of  sand.  Gypsum  plaster  has  important  advantages  over  lime 
plaster  with  which  it  is  in  direct  and  active  competition.  It  is 
more  decidedly  a  nonconductor  of  heat.  It  sets  and  dries  out 
more  rapidly  than  lime  plaster,  and  interiors  where  it  is  used  as 
wall  covering  may  be  pushed  to  completion  much  more  rapidly. 
Ceilings  and  walls  in  which  gypsum  plaster  was  used  have  been 
thoroughly  water  soaked  without  injur\\  As  a  fireproofing  ma- 
terial it  is  rapidly  assuming  imiwrtance.  For  this  purpose  it  may 
be  used  alone,  or  be  mixed  with  asbestos.  When  mixed  with  ten 
per  cent  of  lime  and  allowed  to  set  its  hardness  is  greatly  in- 
creased and  it  sustains  a  high  polish. 

Calcined  Plaster  and  Plaster  of  Pam.— ^This  is  simply  ground 
and  calcined  gypsum  to  which  no  retarder  or  hair  is  added. 
Large  quantities  of  this  plaster  are  used  by  the  glass  factories 
of  the  country.  So  great  is  the  amount  used  by  these  that  its 
ability  to  supply  economically  a  limited  number  of  them  with 
gypsum  plaster  would  alone  be  sufficient  to  warrant  the  develop- 
ment of  a  gypsum  area.  The  gypsum  plaster  is  used  to  make  the 
level  beds  on  which  the  glass  is  poured.  Having  been  used  once 
it  may  be  reground  and  so  reused  a  limited  number  of  times,  but 
its  setting  power  is  soon  exhausted  and  it  must  be  put  aside  for 
fresh  material.  When  ground  very  fine  and  calcined  gj^psum  con- 
stitutes plaster  of  Paris,  which  is  used  for  a  varietj^  of  purposes  in 
many  of  the  arts.  Calcined  plaster  has,  among  other  uses,  been 
mixed  with  Paris  green  and  sold  as  a  poison  for  insects  attacking 
potatoes  and  other  vegetables.  While  not  a  ix>ison  itself,  it  dilutes 
the  Paris  green  so  that  it  does  not  injure  the  plants.  It  prevents 
the  poison  from  being  washed  off  by  rains  and  greatly  adds  to  its 
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effectiveness.  Calcined  plaster  is  used  also  as  a  filler  for  some  of 
the  finer  grades  of  paper.  For  this  purpose  gypsum  is  usually 
ground,  calcined,  mixed  with  water,  allowed  to  set  and  then  re- 
ground. 

Tiimited  quantities  of  calcined  plaster  are  used  in  making 
Keene's  cement  and  various  imitations  of  marble,  according  to 
methods  about  equivalent  to  those  described  in  the  accompany- 
ing report  on  the  German  gypsum  industr5\ 

New  uses  for  gj^psum  plaster  are  being  developed  in  connec- 
tion with  electrical  fittings.  Ordinary  plaster  of  Paris  is  porous, 
readily  absorbs  water  and  having  done  so  becomes  a  conductor 
of  electricity.  This  water  absorbing  property  may  be  overcome 
and  the  material  hardened  at  the  same  time.  It  then  becomes  a 
useful  material  in  electrical  fittings,  when  the  parts  are  neither 
under  high  tension  nor  exposed  to  high  temperatures  or  sudden 
changes  of  temperature.  In  these  cases  the  expensive  putty  of 
litharge  and  glycerine  must  be  used.  The  following  hardeners 
for  gypsum  plaster  to  be  used  in  electrical  fittings  are  recom- 
mended by  a  recent  writer  in  the  Scientific  American. 

1.  Add  2  to  4  i>er  cent  of  powdered  marshmallow  root  and 
knead  to  dougli  with  40  per  cent  water.  The  mass  resembles  fat 
clay,  and  may  be  cut,  filed  and  drilled ;  8  }>er  cent  of  marshmallow 
root  makes  it  still  harder.  Dextrin,  gum  arable  and  glue  may  be 
used. 

2.  Six  parts  g>73sum,  one  part  fresh  slaked  lime;  the  arti- 
cles made  therefrom  to  be  soaked  in  concentrated  magnesium 
sulphate  solution. 

Water  absorbing  power  may  be  removed  by  saturating  in  a 
solution  of  ozokerite  or  wax  in  oil  of  tur})entine  or  varnish. 

Uncalcined  plasters  are  used  as  fertilizers  and  in  the  manu- 
facture of  paint.  Limited  quantities  are  mixed  with  the  shalo 
and  limestone  used  in  making  Portland  cement. 

GYPSUM  AS  A  FERTILIZER. 

Land  plaster,  which  is  the  name  commonly  applied  to  ground 
but  uncalcined  gj^psum,  has  long  been  recognized  as  a  fertilizer 
of  considerable  and  in  some  cases  of  remarkable  merit.  Allusion 
is  made  to  it  in  Roman  literature  of  classic  times.    In  the  eigh- 
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teenth  century  its  successful  use  in  Germany  as  a  top  dressing 
for  clover  was  recorded.  Benjamin  Franklin  scattered  land 
plaster  in  a  field  of  clover,  so  as  to  form  the  sentence,  *  *  This  has 
been  plastered  with  gypsum,^'  and  the  sentence  is  said  to  have 
been  legible  on  account  of  the  great  height  and  color  of  the  clover 
thus  fertilized.  Mr.  C.  W.  Johnson  in  1841  wrote  a  prize  essay 
for  the  Royal  Agricultural  Society  of  England,  entitled,  **An 
Account  of  the  Application  of  Gypsum  as  a  Manure  to  the  Arti- 
ficial Grasses.^'  He  quotes  from  the  letter  of  a  Hampshire 
farmer  as  follows  :* 

*  *  The  soil  of  my  farm  is  of  a  clayey  nature  and  would  be  verj^ 
stiff  but  for  the  number  of  stones  there  are  in  it.  I  have  sown  gyp- 
sum  six  or  seven  years  and  never  on  clover  or  saintfoin  without 
satisfactory  proof  of  its  efficacy,  having  usually  grown  one-half 
ton  more  of  hay  per  acre  by  its  use.  But  the  effect  in  1838  was 
wonderful.  I  put  on  a  bag  (2VL'  cwt.)  i)er  acre  on  a  two  year 
old  piece  of  saintfoin  on  the  first  of  May  with  the  plants  very 
forv^ard,  just  leaving  the  ground  and  coming  to  stalk;  the  gyp- 
sum had  so  increased  the  growth  of  the  grass  by  the  ninth  of  the 
same  month  that  when  crossing  the  land  with  a  friend  we  ob- 
served the  difference  from  one  of  the  fields  to  the  other ;  and  at 
han/est  time  the  extra  produce  of  hay  was  quite  one  ton  jjer 
acre.  *  *  ♦  j  ^^n  even  see  the  effect  wliere  three  years  ago 
the  gypsum  was  spread.  I  always  leave  a  strip  or  two  in  every 
field  to  prove  the  effect.  There  is  one  thing  more  I  wish  to  o}>- 
serve,  that  I  never  put  in  g>'psum  before  the  last  wec*k  in  April 
or  first  in  May.  and  choose  if  jx^ssible  a  moist  morning.  I  liave 
not  found  much  good  effect  from  its  applirration  on  either  chalk 
or  cold  clav  soils.''  Bovd  in  his  '*Kes^iurces  of  Southwest  Vir- 
ginia''  records  exf>eriments  of  a  like  nature,  by  which  lands 
practically  worthless  are  marie  ver>'  prf>rJuctive  by  a  moderate 
application  of  gyjisum  plaster. 

Boussingault  in  1841  analyzed  clover  grown  on  land  fertilized 
with  gypsum  and  found  a  great  increase  in  the  mineral  constitu- 
ents, notably  in  lime,  magnesia  and  fKita.^h. 

Many  exjieriments.  undertaken  s^rientifically  and  carnt^l  out 
by  practical  men,  show  that  for  rrertain  s/^ils  and  cro[r4  g>|/<5ijm 
is  a  fertilizer  of  great  value.    There  have  l^een  many  th*-^>»rie^  to 
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account  for  its  beneficial  action.  It  has  been  thought  that  the 
gypsum  holds  the  carbonate  of  ammonia  which  rain  water  takes 
from  the  air.  The  fact  that  gypsum  absorbs  moisture  readily 
and  gives  it  off  during  times  of  drouth  has  by  others  been  re- 
garded as  its  useful  property  in  agriculture.  Sir  Humphrey 
Davy  thought  that  gj^psum  yielded  directly  lime  and  sulphur 
for  plant  food.  At  present,  the  value  of  gypsum  as  a  fertilizer 
is  thought  to  depend  on  properties  wholly  different  from  those 
just  suggested.  It  has  been  demonstrated  that  gypsum  decom- 
poses the  double  silicates  that  are  abundant  in  many  soils,  espe- 
cially in  clay,  and  sets  free  a  soluble  potash  sulphate.  This  pot- 
ash is  of  great  value  to  plants,  especially  to  the  Leiguminosae 
which  include  clover,  beans,  etc. 

Land  plaster  is  essentially  a  clover  manure,  and  generally 
gives  more  satisfactory^  results  with  this  crop  than  any  other. 
It  is  most  suitably  applied  during  moist  weather,  in  the  autumn 
or  in  the  spring,  while  the  crop  is  young.  Two  hundred  pounds 
to  tlie  acre  is  the  amount  generally  used.  The  native  grasses 
are  rapidly  disappearing  in  Iowa,  and  the  acreage  of  clover  an- 
nually increases,  and  in  the  same  ratio  the  importance  of  land 
plaster  as  a  fertilizer  for  Iowa  soils  increases. 

While  gypsum  has  but  little  importance  as  a  solvent  for  atmos- 
pheric ammonia,  it  is  of  great  value  if  scattered  about  decaying 
manure,  or  sprinkled  freely  through  the  stables.  Under  these 
conditions  it  holds  the  ammonia  that  would  otherwise  be  dissi- 
pated and  when  scattered  on  the  soil  with  the  manure  yields  it 
as  food  for  plant  growth. 

Land  plaster  as  put  upon  the  market  varies  greatly  in  purity. 
Tests  made  by  the  Wisconsin  Experiment  Station  show  that  the 
amount  of  pure  gypsum  contained  in  a  number  of  samples 
varied  from  seventy-six  to  ninety-seven  per  cent,  while  one  sam- 
ple contained  no  gj^psum  whatever;  the  impurities  were  largely 
water  and  carbonate  of  lime,  and  certain  insoluble  substances 
which  were  of  no  value  as  fertilizers.  The  following  tables  of 
analyses  were  taken  from  Bulletin  No.  14,  University  of  Wiscon- 
sin, Agricultural  Experiment  Station. 

In  order  to  protect  the  fanners  against  imposition  of  this  kind 
and  to  learn  more  about  the  quality  of  the  different  brands  of 
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plaster  sold  in  the  state,  the  Station  offered  to  examine  free  of 
charge  all  samples  of  land  plaster  sent  beforfe  May  1st,  In 
response  to  this  offer  the  following  samples  were  received  and 
analyzed,  with  the  results  given  below. 

STATION 
NUMBER. 

373.  Sent  by  T.  C.  Decker,  Beloit.    This  plaster  was  pur- 

chased in  Milwaukee,  and  is  probably  a  Michigan 
plaster. 

374.  Sent  by  E.  P.  Richardson,  Ableman,  Fort  Dodge  plas- 

ter. 

375.  Sent  by  S.  E.  Gernon,  Waukesha,  Michigan  plaster. 

377.  Sent  by  S.  C  Fish,  Reedsburg,  Fort  Dodge  plaster. 

378.  Sent  by  H.  J.  Sutherland,  Madison,  Fort  Dodge  plas- 

ter. 
380.    Sent  by  Wm.  X.  North,  La  Crosse,  Fort  Dodge  plas- 
ter. 

382.  Sent  by  R.  B.  Kellogg,  Green   Bay,  Sandusky,  Ohio, 

plaster. 

383.  Sent    by   S.   C.   Fish,   Reedsburg,   brand   unknown. 

384.  Sent  by  Hiram  Smith,  Sheboygan  Falls,  Fort  Dodge 

plaster. 

385.  Sent  by  Charles  V.   Guy,   River  Falls,   Fort  Dodge 

plaster. 

386.  Sent  by  Charles  V.  Guy,  River  Falls,  brand  unknown. 

387.  Sent  by  X.  E.  Becker,  Random  Lake,  brand  unknown. 

388.  Sent  by  Wm.  Toole,  Baraboo,  brand  unknown. 

o91.     Sent  by  A.  F.  Xoyes-,  Beaver  Dam,  Fort  Dodge  plas- 
ter. 
The  price  for  which  these  plasters  were  sold  varied  from  $6.10  per  ton  to 
$10.50  per  ton,  much  of  the  difference  being  due  to  cost  of  transportation. 


STATION    NUMBER. 

INSOLUBLE    IN    ACID. 

PURE    PLASTER. 

PER  CENT. 

PER  CENT. 

373 

1.74 

90.4 

374 

•  •    •    • 

95.3 

375 

1.78 

87.72 

377 

2.17 

89.72 

378 

2.08 

95.64 

380 

2.46 

94.75 

382 

.31 

93.61 

383 

1.50 

93.15 

384 

1.29 

93.24 

385 

2.37 

95.31 

386 

1.09 

93.85 

387 

2.08 

87.81 

388 

2.21 

94.32 

391 

2.12 

95.98 

II  G  lUp 
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"All  of  these  plasters  are  of  good  quality,  some  of  them  being  of  exceptional 
purity.  The  difference  in  their  quality  may  be  largely  attributed  to  the 
amount  of  moisture  which  they  contain.  Plaster  kept  in  damp  places  will 
often  retain  several  per  cent  of  hygroscopic  water,  which  adds  just  so  much 
to  its  weight.  Before  making  large  purchases  of  plaster,  one  should  be  sure 
that  it  has  been  kept  kept  in  a  dry  place,  and  that  it  is  ground  quite  fine.  A 
coarse  plaster  does  not  dissolve  readily  and  is  not  as  prompt  in  its  action. 
As  a  rule,  light  colored  plasters  are  purer  than  dark  colored  ones." 

GYPSUM  AS  A  BASIS  FOR  PORTLAND  CEMENT,  WITH  SULPHURIC  ACID  AS 

A  BY-FRODUCT. 

Keyes,  in  his  report  on  the  Iowa  gypsum  in  1893,  suggested 
that  profit  might  be  derived  from  gypsum  if  it  were  used  in  the 
manufacture  of  Portland  cement  and  sulphuric  acid.  He  pointed 
out  that  the  shales  which  must  be  used  with  the  gypsum  to  pro- 
duce cement  and  acid  are  abundant  in  the  immediate  vicinity 
of  the  gypsum.  A  patent  numbered  342,785,  issued  on  June  1, 
1886,  to  Uriah  Cummings  of  Buffalo,  New  York,  outlines  the 
process.  The  greater  part  of  the  description  given  in  this  paper 
is  reproduced  below: 

"Hydraulic  or  Portland  cement  is  usually  manufactured  by  mixing  together 
clay  and  carbonate  of  lime  in  such  proportions  that  after  calcination  the 
resulting  compound  will  contain  about  sixty-two  x>&rts  of  lime,  twenty-eight 
parts  of  silicic  acid  and  ten  parts-  of  alumina  by  weight.  During  the  process 
of  calcination  the  carbonic  acid  contained  in  the  carbonate  of  lime  is  ex- 
pelled, and  the  silicic  acid  combines  with  the  base  and  forms  therewith  sili- 
cates of  lime  and  alumina,  which  are  afterward  reduced  to  powder,  and 
known  as  hydraulic  or  "Portland"  cement.  The  carbonic  acid  which  is  ex- 
peUed  during  the  process  of  calcination  has  no  commercial  value,  and  is  al- 
lowed to  escape  into  the  air. 

The  object  of  this-  invention  is  to  reduce  the  cost  of  the  cement  by  its  pro- 
duction as  a  bj'-iJroduct  in  the  manufacture  of  sulphuric  acid;  and  the  inven- 
tion consists  to  that  end  in  manufacturing  sulphuric  acid  from  clay  or  silicic 
acid  and  sulphate  of  lime,  as  will  be  hereinafter  fully  set  forth,  and  pointed 
out  in  the  claims. 

In  practicing  my  invention  I  mix  together  gypsum  or  sulphate  of  lime  and 
clay  in  the  proportion  of  about  twelve  hundred  and  sixty-six  pounds  of  gyj*- 
saim  to  four  hundred  pounds  of  clay.     I  prefer  to  pulverize  the  gypsum  and 
dry   the   clay   and  pulverize   the   same,   then   intimately   mix   the  pulverized 
gypsum     and     clay     and     add     a     small     quantity     of     water,     and     mold 
the  mixture  into  blocks  substantially  in  the  manner  practiced  in  making  Port- 
land cement  from  carbonate  of  lime  and  clay  by  the  well  known  dry  process. 
I  then  subject  this  mixture  to  calcination  in  a  suitable  kiln.     At  the  high 
degree  of  heat  which  is  maintained   during  the  process  of  calcination  the 
silicic  acid  contained  in  the  clay  expels  the  sulphuric  acid  contained  in  the 
sulphate  of  lime  and  combines  with  the  lime  and  alumina  and  produces  there- 
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with  siJIcates  of  lime  and  alumina,  which,  upon  beingf  reduced  to  powder, 
are  in  every  particular  a  hydraulic  or  Portland  cement.  The  sulphuric  acid 
is  expelled  during  this  process  of  calcination  either  in  the  form  of  vapor, 
or  it  is  decomposed  and  forms  sulphurous  acid  and  oxygen;  or  perhaps  the 
escaping  gas  is  a  mixture  of  vaporized  sulphuric  acid,  sulphurous  acid  and 
oxygen,  according  to  the  degree  of  heat  which  is  maintained  during  the  pro- 
cess of  calcination,  and  which  may  vary  somewhat  at  difterent  times,  owing 
to  differences  in  the  quantity  or  quality  of  fuel  employed,  strength  of  draft, 
etc.  The  g^ses  escaping  during  the  process  of  calcination  are  cooled  in 
suitable  chambers  or  passages  lined  with  lead,  in  which  the  sulphuric  acid  Is 
condensed  and  collected.  The  sulphurous  acid,  if  any,  is  converted  into  sul- 
phuric acid  in  the  ordinary  manner  by  means  of  steam  and  nitric  acid.  The 
sulphuric  acid  so  obtained  is  then  concentrated  or  further  treated  in  any 
usual  manner  practiced  in  the  manufacture  of  sulphuric  acid.  The  mixture 
of  gypsum  and  clay  above  specified  produces  about  seven  hundred  and  eleven 
pounds  of  hydraulic  or  Portland  cement  and  five  hundred  and  eighty  pounds 
of  sulphuric  acid  from  every  sixteen  hundred  and  sixty  pounds  of  the  mix- 
ture, the  balance  being  moisture,  which  is  expelled.  The  cost  of  the  sul- 
phate of  lime  is  about  the  same  as  that  of  carbonate  of  lime  and  the  cost 
of  manufacturing  hydraulic  or  Portland  cement  by  this  improved  method  is 
about  the  same  as  that  of  the  old  method  in  which  carbonate  of  lime  is  em- 
ployed; but  the  sulphuric  acid  which  is  obtained  in  my  improved  method  is 
valuable,  and  the  value  which  it  represents  materially  reduces  the  cost  of 
the  cement. 

In  practicing  this  invention  any  suitable  kiln  in  which  the  process  of  cal- 
cination can  be  carried  out  may  be  employed,  and  any  ordinary  apparatus  may 
be  used  for  recovering  the  sulphuric  acid. 

The  condensing  and  converting  chambers  are  connected  with  the  top  of 
the  kiln  by  a  suitable  flue,  and  the  waste  gas*es  are  discharged  from  the  con- 
densing or  converting  chambers  by  a  stack  or  chimney  or  a  suitable  fan 
which  maintains  a  proper  draft  through  the  kiln  and  chambers. 

The  proportions  herein  specified  are  found  to  be  well  calculated  to  pro- 
duce the  desired  results;  but  they  may  be  varied  in  accordance  with  the 
nature  of  the  gypsum  rock  and  clay  employed  within  certain  limits  without 
changing  the  general  results.  If  the  proportion  of  clay  used  be  too  great, 
the  cement  will  be  of  an  inferior  quality  but  the  sulphuric  acid  contained  in 
the  sulphate  of  lime  will  be  driven  off  and  recovered.  If  an  excess  of  gypsum 
be  used,  the  lime  contained  therein  is  in  excess  of  the  true  combining  propor- 
tions with  the  silicic  acid,  and  the  sulphuric  acid  will  not  be  driven  off  and 
the  resulting  cement  will  be  inferior  in  quality  by  reason  of  the  presence 
of  sulphate  of  lime,  although  a  small  percentage  of  the  latter  may  be  present 
without  exerting  any  specially  deleterious  influence. 

It  is  well  known  that  silica  or  silicic  acid  contained  in  the  clay  is  the  active 
ingredient  in  the  production  of  the  cement  and  it  is  therefore  obvious  that 
silica  in  a  finely  pulverized  condition  may  be  substituted  for  the  clay,  if  de- 
sired. 

I  am  aware  that  it  has  been  proposed  to  manufacture  cement  from  car- 
bonate of  lime  and  clay  with  the  addition  of  a  small  quantity  of  sulphate 
of  lime  or  some  other  sulphate,  for  the  purpose  of  rendering  the  mixture 
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eighteen  parts  water.  The  mixture  is  burned  at  a  low  heat  for 
six  hours. 

**  Parian  cement  is  made  from  gypsum  hardened  by  means  of 
borax.  One  part  of  borax  is  dissolved  in  nine  parts  of  water, 
arid  tlie  gypsum  is  treated  with  the  solution ;  sometimes  one  part 
of  cream  of  tartar  is  added  to  the  solution  with  good  results. 

*^The  hardened  cement  plaster  is  made  at  one  mill  in  Kansas, 
the  Best  Brothers'  mill,  at  Medicine  Lodge.  The  gypsum 
blocks  are  burned  in  the  kiln,  and  then  treated  with  a  secret  solu- 
tion and  rebumed.  This  plaster  withstands  a  crushing  force  of 
3,000  pounds  and  a  tensile  strain  of  698  pounds  after  seven  days 
in  air.  It  is  claimed  to  be  equal  to  the  imported  Keene's  cement, 
and  superior  to  Portland  cement  for  plastering  purposes  or  for 
laying  dry  walks.  This  cement  is  not  used  much  in  Kansas,  but 
has  been  received  with  favor  in  the  eastern  cities.  *  ^ 

GYPSUM  AS  A  BASIS  FOR  PAINT 

For  some  years  the  Iowa  Paint  Manufacturing  Company  has 
operated  a  mill  at  Fort  Dodge  and  has  built  up  a  large  and  profit- 
able demand  for  its  paints.  They  have  been  well  received  by  the 
trade  and  have  stood  successfully  the  many  severe  tests  to  which 
they  have  been  put.  A  strildng  instance  of  their  durability  is 
seen  in  the  Fort  Dodge  water  tower.  This  structure  is  of  iron 
and  steel  and  is  unusually  exposed  to  the  action  of  the  elements. 
The  water  rises  and  falls  in  the  large  tank  that  surmounts  it,  and 
the  paint  that  covers  it  is  subject  to  constant  changes  in  tempera- 
ture. Three  years  ago  the  tower  and  tank  were  covered  with 
paint  made  at  the  Fort  Dodge  mill  and  the  paint  has  not  as  yet 
been  injured  by  this  constant  exposure. 

Gjrpsum  is  used  as  a  basis  for  the  paint.  It  is  crushed  in  ma- 
chinery similar  to  that  used  in  the  plaster  mills  and  ground  by 
passing  through  two  impact  oscillators  made  by  Raymond 
Brothers,  Chicago.  These  oscillators  consist  of  covered  cylin- 
ders in  which  revolve  metal  blades  that  are  attached  to  iron  col- 
lars ;  the  oscillators  are  run  at  a  very  high  rate  of  speed  and  the 
crushed  gypsum  is  quickly  reduced  to  powder  by  the  blades.  A 
fan  forces  a  current  of  air  through  the  oscillators  and  when  the 
gypsum  reaches  the  desired  fineness,  which  is  regulate<l  by  the 
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strength  of  the  air  current,  it  is  lifted  by  the  air  to  the  upper 
oscillator  where  it  goes  through  a  similar  process.  The  gypsum 
is  ground  much  finer  than  when  used  for  plaster.  Ninety-nine 
and  nine-tenths  of  it  will  pass  through  a  No.  74  mesh,  99.7  per 
cent  will  pass  through  a  No.  100  mesh,  and  82.3  per  cent  will  pass 
through  a  No.  200  mesh.  The  machines  in  use  will  grind  to  this 
fineness  one  and  one-half  tons  per  day,  while  they  would  grind 
to  the  fineness  required  for  wall  plaster  five  or  six  tons.  Proper 
pigments  are  mixed  with  the  ground  gypsum  and  a  very  pleas- 
ing variety  of  colors  result  All  of  these  pigments  are  at  pres- 
ent imported  into  the  state.  The  gypsum  used  in  the  manufac- 
ture of  paint  is  not  calcined. 

MECHANICAL  PROCESSES  IN  MAKING  HARD  WALL  PLASrERS,  PLASTER  OF 

PARIS,  ETC. 

During  the  earlier  days  of  the  plaster  industry  about  Fort 
Dodge,  the  gypsum  was  obtained  by  first  stripping  off  the  drift 
which  at  the  points  where  the  gypsum  was  quarried  varied  in 
thickness  from  one  to  twenty  feet.  The  g}T)sum  was  quarried 
by  tlie  simplest  methods  of  drilling  and  blasting.  The  definite 
lamination  of  the  gypsum  greatly  aided  in  this  process.  The 
large  blocks  that  were  blasted  from  the  face  of  the  ledge  were 
broken  by  sledges  into  convenient  size  and  hauled  to  the  mills 
in  wagons.  Today,  however,  most  of  the  gypsum  is  mined  either 
by  drifting  into  the  deposit  at  natural  exposures  along  streams 
or  by  shafts.  The  system  of  mining  is  still  in  evolution  but  in 
general  the  room  and  pillar  method  common  in  coal  mines  is  fol- 
lowed. Hand  drills  are  used  for  the  most  part,  and  after  the 
drill  has  been  set  it  is  possible  to  bore  a  hole  in  the  gypsum  three 
feet  long  and  two  inches  in  diameter,  in  twenty  minutes;  ten 
minutes  are  required  to  sot  the  drill.  Coarse  powder  is  used  in 
blasting.  For  an  ordinary  blast  the  two-inch  hole  is  filled  with 
powder  six  inches,  and  tamped  with  clay  or  gypsum  powder.  On 
the  average  two  tons  of  rock  are  removed  at  each  blast.  In  most 
of  the  mines  the  miners  are  paid  by  the  ton,  forty-five  cents  being 
allowed  for  each  ton  when  loaded  on  the  cars.  The  miner  fur- 
nishes the  powder.  At  the  mine  of  the  Fort  Dodge  Plaster  Com- 
pany pneumatic  drills  have  been  used  and  pronounced  satisfac- 
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tor}',  while  at  the  Cardiff  mine  an  electric  mining  machine  has 
given  good  results.  The  great  thickness  of  the  gypsum  aids  ma- 
terially in  mining.  By  leaving  two  or  three  feet  above  a  good 
roof  is  obtained.  In  most  of  the  mines  the  passages  are  nine  feet 
high.  At  the  Mineral  City  mine  passages  from  fourteen  to 
twenty  feet  wide  are  excavated  and  ten  foot  pillars  are  left. 
Water  has  not  proved  troublesome,  although  pumping  mote  or 
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less  ccNustantIv  is  necessary  in  the  mines  on  the  prairie.  Where 
the  gvpsmn  is  reached  by  shafts,  it  is  carried  nnder- 
gnmnd  on  tramways  to  the  shaft,  which  is  always  located  near 
the  milL  Some  of  the  older  mills  are  situated  half  a  mile  or  more 
away  fnnn  the  mines  that  supply  them.  Tramways  ran  from 
the  month  of  the  drift  to  the  mill  and  the  gypsum  is  hauled  on 
small  cars  by  mnks  or  horses.  After  arriving  at  the  mill  it  is 
stored  for  some  time  under  sheds  to  permit  the  hygroscopic  water 
to  pass  off.  If  the  matmal  is  not  thus  dried^  the  power  required 
for  grinding  is  greatly  increased  and  a  considerable  amount  ot 
fuel  is  wasted  in  driving  off  this  water  in  the  calcining  k^tles. 
It  is  considered  desirable  also  to  keep  a  supi^y  on  hand  so  that 
the  nulls  may  not  be  c<nnp^ed  to  shut  down  on  account  of  labor 
tiaobles  or  other  difficulties  in  the  mines.  After  drying  in  the 
sheds,  the  gypsum  is  again  loaded  on  trams  and  run  to  a  crusher 
whidh  apendes  an  the  princij^e  of  an  ordinary  store  crusher. 
The  gypsum  being  soft  offers  little  resistance  to  the  heavy  metal 
jaws,  and  <hi  passing  throng  the  machine  is  reduced  to  frag- 
ments,  the  largest  ones  an  inch  in  diameter.  It  falls  directly  into 
a  nippen  which  resembles  an  immense  old-fashioned  coffee  milL 
It  eoosists  of  a  large  iron  funnel  with  flanges  set  vertically  on 
the  imm-  face^  Within  it  revolves  a  shaft  armed  with  similar 
sharp  HangeB.  Betwe»i  the  two  sets  of  flanges,  the  movable  and 
nm-movable.  the  gyp^sum  is  ground  till  it  falls  out  of  the  bottom 
of  the  funnel  in  pieces  not  larger  than  peas.  These  sn^all  frag- 
ments are  carried  by  the  buckets  of  a  belt  elevator  to  an  upper 
floor  where  they  are  fed  down  througL  a  .s}.«out  into  burr  miil?. 
Thiwr  of  these  mills  grind  the  niineral  as  fast  as  it  can  be  cal- 
cined in  the  three  kettles  with  which  iizr^t  of  the  j 'last^^r  ?rj]ls  are 
equipped.  C»n  emerging  from  the  bnrr  iiiiils.  the  gyjisuii.  1^  In  Hj^r 
form  of  a  fine  jx>wder.  s-eventj'  j  ler  ceiit  of  which  will  j  4ir-^  a  Xo- 
74  mesh,  sixty  j.jer  c^Lt  a  Xo.  l'*.*  ixj*f^]x,  aud  forvy-four  i*^t  'iviit  a 
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No.  200  mesh.    The  average  diameters  of  the  largest  particles 
passing  these  sieves  are  as  follows  :* 

No.     74 0.229  millimeters  =  .00901  inches 

No.  100 0.  lis  ml  imctcrs=  .00452  inches 

No.  200 0.069  milimeters=  .00271  inches 

The  gypsum  powder  is  again  elevated  and  then  pours  steadily 
down  on  a  broad  belt  which  transmits  it  to  a  large  bin  above  the 
calcining  kettles.  From  this  bin  it  flows  through  spouts  into  the 
kettles. 

The  calcining  kettles  in  use  at  present  in  the  Iowa  plaster 
mills  each  hold  eight  or  ten  tons  of  plaster.  Sheet  steel  three- 
eighths  of  an  inch  thick  is  used  in  their  construction.  They  are 
cylindrical,  eight  or  ten  feet  in  diameter  and  eight  feet  high.  The 
base  of  the  kettle  is  built  into  a  furnace  in  such  a  way  that  the 
bottom  and  lower  part  are  exposed  to  the  heat  of  the  fur- 
nace. Two  large  flues  pass  through  the  lower  part  of  the  kettle 
from  side  to  side,  through  which  the  heated  gases  and  smoke 
are  conducted  before  entering  the  chimney.  A  pipe  leads  from 
the  upper  part  of  each  kettle  through  which  the  steam  from  the 
calcining  gypsum  passes.  Some  of  the  finest  of  the  plaster  is 
carried  out  of  tlie  kettles  in  these  stacks  and  settling  on  the  mill, 
the  ground  and  trees,  whitens  the  landscape.  At  the  upper  mill 
of  the  Iowa  Plaster  Association  these  pipes  enter  a  large  room 
on  the  upper  floor  which  is  free  from  draughts  and  much  of  this 
fine  plaster  here  settles  to  the  floor  and  is  saved.  The  amount  is 
considerable,  about  a  ton  a  day.  A  heavy  shaft  to  which  blades 
and  chains,  wli;eli  drag  on  the  bottoms  of  the  kettles,  are  attached, 

*  The  following  tests  for  fineness  of  calcined  plaster  were  made  by  Prof.  A.Marston  in  the  summer 
of  1900.  from  materinl  purchased  in  the  market.  The  sieves  used  were  caMbrated  by  standard 
methods,  and  the  terms,  No.  74,  No.  100  and  No.  230  mesh,  stand  definitely  for  the  diameters  given 
in  the  text  above. 


KIND. 


PER  CBNT  PASSING  MESH. 


No.  74. 


No.  ico. 


No.  aoo. 


Gypsum  from  Stucco  Mills,  Ft.  Dodge 

Stucco  from  Ft.  Dodge  Plaster  Co.,  Ft.  Dodge,  Iowa 

Baker  Stucco,  Kansas 

KalloliteStucco,  Cardiff  Gypsum  Plaster  Co.,  Ft.  Dodge,  Iowa.. 

Baker  Plaster,  Kansas 

Mineral  Citv  Wall  Plaster.  Ft.  Dodge,  Iowa 

Oklahoma  Cem.  Plaster  Co.,  Okarcbe,  Oklahoma  Ter 

Flint  Wall  Plaster,  Iowa  Plaster  Association,  Ft.  Dodge,  Iowa... 

Acme  Wall  Plaster,  Acme,  Texas 

Kaliolite  Wall  Plaster,  Cardiff  Gypsum  Plaster  Co..  Ft.  Dodge, la 

stonewall  Plaster,  Ft.  Dodge  Plaster  Co. ,   Ft.  Dodge.  Iowa 

Dnncomb  Wall  Plaster,  Dnncomb  Stucco  Co..  Ft.  Dodge,  Iowa.. 


683 

60.0 

71.9 

6S.2 

s.? 

lU 

68  a 

58.7 

6s.  4 

72.1 

77.8 

70  1 

72.4 
74.§ 

64.  a 

69« 

70  8 
72.4 

SI 

63.8 

57.8 

44-0 
49.3 
39.5 
So.  a 
a8.i 
49.1 
5;.  3 
48.1 
S6.6 

S3.S 

S4  0 

4^6 
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constantly  stirs  tlie  plaster.  This  slmft  is  rertical  and  rests  in 
a  box  in  the  bottom  of  the  kettle,  and  projects  out  through  the 
metal  cover.  It  is  turned  by  a  large  horizontal  crown  wheel 
which  is  driven  by  a  smaller  vertical  pinion.  In  filling  tlie  kettle 
a  small  stream  of  ground  gypsum  flows  in  for  an  hour  or  more. 
It  is  impossible  to  start  the  shaft  which  stirs  the  plaster  after  tiie 
kettle  is  filled. 


Flo.  31.     Mill  of  till-  Cnnliff  PhaftiT  C''>iu|>iiiiy.  F-irt  I>>dK--. 

The  temperature  gradoally  rises  in  the  kettles  and  the  i>laster 
b^:ins  to  "boil."  All  over  the  kettle  the  plaster  is  thrown  up 
into  tJie  air  in  jets  by  the  escape  of  steam  from  below.  This  agi- 
tation of  the  plaster  by  the  escaping  steam  greatly  facilitates  the 
stirring  process.  The  temfjerature  is  detennined  from  time  to 
time  by  lowering  a  thermometer,  by  means  of  a  long  wooden  han- 
dle. This  must  be  left  in  the  kettle  for  a  long  tiuie  if  a  true  rec- 
ord of  the  temfjerature  would  be  obtained,  for  the  plaster  forms 
a  coating  over  the  bulb,  and  as  it  is  a  good  nonconductor  of  heat, 
the  thermometer  for  some  time  fails  to  record  the  real  t«npera- 
ture.    Many  of  the  calciners  get  along  without  the  thermometer, 
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ings  are  more  frequent.  In  the  Cliicago  mills  of  the  AVestern 
Plaster  Works,  and  in  a  number  of  Michigan  mills,  lime  disinte- 
grators are  used.  The  machine  is  said  to  work  without  choking 
or  clogging,  and  to  pulverize  from  sixtj'-five  to  seventy-five  tons 
in  ten  hours.  It  is  not  certain,  however,  that  tliey  are  an  improve- 
ment over  the  burr  mills. 

The  present  method  of  calcining  is  wasteful  of  fuel.  In  simi- 
lar industries  greater  progress  has  been  made  in  fuel  saving. 
The  continuous  kiln  has  been  applied  successfully  to  brick  mak- 
ing and  Portland  cement  burning.  The  saving  of  fuel  accom- 
plished by  those  kilns  is  considerable.  Patents  have  been  issued 
for  continuous  kilns  suitable  for  stucco.  Such  patents  are 
573,140,  U.  S.  Patent  Office,  issued  to  August  Dauber,  of  Boc- 
leom,  Germany,  1896;  No.  551,390,  U.  S.  Patent  Office,  issued  to 
F.  il.  Laude  of  Xew  York,  1895;  No.  519,003,  issued  to  L.  House 
of  Montpelier,  Indiana,  1894.  Tlie  great  difficulty  in  using  a  con- 
tinuous kiln  for  calcining  plaster  is  in  securing  a  uniform  tem- 
perature. The  patents  mentioned  above  are  for  kilns  in  which 
oil  or  gas  is  used  for  fuel.  This  may  render  them  impractical 
in  the  Iowa  field.    A  continuous  kiln  for  calcining  stucco,  or  a 
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Fig.  £S.     Blaodon's  O71M11111  PlasItT  mill,  Fort  DHdfti'. 

similar  fuel  saving  device,  is  worthy  of  careful  consideration 
and  in  this  respect  the  German  manufacturer  is  in  advance  of 
the  Araeriean.  Those  who  are  interested  in  the  subject  will  find 
a  full  description  of  continuous  kilns  now  in  use  in  Germany 
in  the  supplement  accompanj'ing  tliis  report  which  describes 
the  gj'psum  industry  of  Europe. 

The  fine  dust  from  the  calcining  kettles  may  easily  be  saved, 
and  the  amount  will  be  found  to  be  considerable.  The  heat  from 
the  cooling  plaster  is  now  wholly  lost,  and  if  a  saving  could  be 
made  here  it  would  proportionately  reduce  the  cost  of  calcining. 

Coal. 

The  position  and  extent  of  the  Webster  county  coal  fields  have 
been  described,  in  connection  with  other  Upjier  Carboniferous 
strata,  under  stratigraphy. 

The  coal  in  Webster  county  varies  considerably  in  quality  in 
the  different  basins,  and  often  in  different  seams  of  the  same 
basin.  Some  of  it  is  e.xcelleat,  wliile  all  is  of  fair  quality. 
Since  it  constitutes  the  extreme  northern  point  of  Iowa's  coal  pro- 
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Holaxiay  creek  the  upper  coal  has  been  mined  for  many  years. 
The  l^jjoladay  Creek  Coal  Company  has  operated  on  the  creek, 
in  Nw.  1/4  of  section  10;  J.  L.  Martin  has  a  mine  in  this  coal  in 
Sw.  Vi  ^f  section  10.  From  prairie  level,  in  Sw.  Vi?  section  16,  Col- 
lins Brothers  have  developed  the  upper  seam  outside  of  ihe  *'big 
coal ' '  from  which  thev  take  a  number  of  car  loads  of  steam  coal 
daily.  At  Kalo,  in  Sw.  1/4  of  section  8  and  Nw.  14,  section  17,  Otlio 
township,  the  Craig  Coal  Company  has  mined  the  upper  coal  ex- 
tensivelv.  The  Carlson  mine  is  a  little  farther  down  the  river 
and  works  the  same  seam,  as  do  the  McEwen  mines  a  short  dis- 
tance up  the  river,  on  the  east  bank.  Smaller  mines  in  the  upper 
bituminous  seam  near  the  river  below  Kalo  are  the  Atherton  and 
Woodbury,  the  Moore  and  Webster,  the  Mills  and  the  Madison^ 
all  situated  in  a  ravine  on  the  west  side  of  the  river,  one-fourth 
of  a  mile  below  the  Kalo  bridge.  The  Fuller  mine  is  in  a  similar 
ravine  one-eighth  of  a  mile  farther  down  the  river.  The  Bennett > 
Jiiii'  Johnson  and  Everett  mines  are  found  on  the  river  bank  in 
the  order  named.  The  Eric  Johnson  mine  is  a  mile  below  the 
bridge  and  works  the  Colburn  vein,  which  is  said  to  be  two  feet 
tliick,  and  to  lie  twenty  feet  below  the  river. 

The  cannel  coal  about  Kalo  and  Coalville  will  become  more 
important  as  the  output  from  the  other  seams  diminishes.    It  is 
exposed  along  the  river  from  the  Minneapolis  and  Saint  Louis 
railroad  bridge  in  Se.  \\  of  section  6  to  the  Kalo  wagon  bridge 
in  section  17.    It  extends  back  from  the  river  on  the  right  bank  at 
least  three-fourths  of  a  mile.     Prospecting  has  proven  that  the 
cannel  coal  basin  includes  an  area  of  at  least  two  square  miles. 
In  thickness  the  coal  varies  from  two  feet  four  inches  to  three 
feet.    It  has  a  good  shale  roof.    On  the  left  bank  of  the  river  the 
coal  is  mined  on  the  Litchfield  land,  in  Pleasant  Valley  township, 
Sw.  1/4  of  section  5,  where  five  men  take  out  from  ten  to  twelve 
tons  a  day.    All  of  this  is   sold   to  the  Duncomb  plaster  milU 
which  i^  a  mile  further  up  the  river.     The  price  paid  for  this 
coal  is  $1.65,  delivered  at  the  mill,  the  parties  operating  the  mine 
paying  a  royalty  of  ten  cents  a  ton.    Directly  across  the  river, 
in  Otho  township,  section  8,  Nw.  Vi>  Irwin  Brothers  have  a  mine 
in  the  cannel  coal,  which  here  shows  a  thickness  of  two  feet  two 
inches.     Their  prospect  holes  in  this  vicinity  show  two  feet  of 
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coal  ninety  rods  back  from  the  river.  The  W.  D.  Johnson  mine, 
also  in  the  cannel  coal,  is  a  few  rods  above  the  Irwin  mine.  Col- 
lins Brothers  mine  the  cannel  coal  on  the  left  river  bank,  in 
Pleasant  Valley  township,  section  17,  Xw.  14.  The  location  of 
most  of  these  mines  is  shown  on  the  geological  map  of  the  gyp- 
sum region  immediately  about  Fort  Dodge. 

In  the  Tara  coal  basin  three  companies  are  of>erating.  In  Elk- 
horn  township,  section  6,  Xe.  Vi*  Martin  and  Timmons  reach  the 
ooal  with  a  sixty  foot  shaft  The  seam  here  has  a  thickness  of 
four  feet  six  inches.  They  pay  a  royaltj*  of  fifteen  cents  for 
mine  run.  The  room  and  pillar  method  is  used  in  mining.  ThiJi 
mine  has  been  in  operation  for  five  years  and  the  coal  has  been 
removed  from  an  area  of  five  acres.  Piert  and  Colferd  operate 
a  mine  on  the  same  quarter  section,  and  under  alx>ut  the  same  con- 
ditions as  the  mine  just  described.  The  coal  is  four  feet  thick, 
with  gumbo  or  black  jack  for  a  roof  and  sliale  for  floor.  Drill- 
ings sixty  rods  south  of  this  shaft  also  show  four  fc^et  of  coaJ. 
John  Paul  as  a  mine  on  tlie  Patrick  S^ralley  plarre.  in  section  3-J, 
Sw.  J  4,  which  shows  three  feet  and  a  half  of  rrr>al  reacherl  by 
a  forty  foot  shaft.  The  seam  is  practirrally  horizontal  through- 
out this  district  and  differences  in  the  depth  of  the  shafts  are 
due  to  surface  inequalities. 

At  Limburg  ]X;stoflEce  some  coal  lias  been  mine^l.  Th**  Simp- 
son and  Gustafson  shafts,  both  now  closed-  were  oj^erate^l  for 
two  years,  about  twentj'  tons  Ijeing  taken  out  of  each  rxiine  i^r 
day.  The  Gustafaon  drift  was  oi>erated  on  a  au^ll  hfraU^  in  tlie 
smnmer  of  190X  Two  men  were  taking  out  al^out  a  ton  a  day, 
the  ooal  selling  for  SJ.'ji  per  ton. 

A  few  tons  are  aLiiuallv  mined  ♦en  miles  al/ove  Fort 
Dodge,  from  a  seaza  wiuch  is  commoiily  regarded  as  a  jj^rt  o* 
the  Colbum.  TLe  coai  is  of  fair  quaiity.  though  it  hJtur'kJi  if  er- 
poeed  for  a  considerable  time  to  the  air. 


172 


GEOLOGY    OF    ■WBB8TBK    COUNTY. 


•noqaBD  paxij 


SftSSSfta'SftSS 


gsfissftasssE 


:«aH'^jB|^ 


uuOuuuu       uo 


COAL. 


173 


No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

Moisttire 

14.05 

36.42 

41.19 

8.34 

10.46 
37  44 
36.93 
15.17 

10.13 
37.25 
36.08 
16.54 

13.91 

37.00 

41.83 

7.26 

9.92 

Volatile  oombnstible 

26.69 

Fixed  carbon 

22.06 

Ash 

41.31 

100.00 

100.00 

100. CO 

100.00 

100.00 

CALCULATED  ON  DRIED  COAL. 


Volatile  combustible 

Fixed  carbon 

Ash 


Volatile  combustible 
Total  combustible 


Coke 


1 

2 

3 

4 

5 

42.38 

47.94 

9.68 

41.80 
4>.26 
16.94 

41.44 
40.15 
18.41 

42.98 

48.59 

8.43 

29.63 
24.51 
45.86 

100.00 

100.00 

100.00 

100.00 

100.00 

50.47 

47.90 

47.38 

50.91 

36.6' 

77.61 

74.37 

73  33 

78.83 

48.77 

90.32 

83.06 

81.59 

91.57 

54.14 

49.53 

52.10 

52.62 

49.09 

63.39 

57.62 

58  20 

58.56 

57.02 

70.37 

Of  undried  coal 
Of  dried  coal 
Of  undri^  coal 
Of  dried  coal 


COMPOSITION  OF  COKE. 


Carbon 

83.00  1    70.87 

68.56 
31.44 

85.19 
14  81 

34.87 

Ash -  - 

'     17.00       29.13 

65.13 

100.00  ;  100.00 

100  00 

100.00 

100.00 

No.  1. 
No.  2. 
R.  29  W. 
No.  3. 
No.  4. 
No.  5. 


From  Rees'  mine,  near  Fort  Dodge- 

*  'Lower  Cannel  Coal"  from  bank  of  Des  Moines  river.  Sec.  17.  Tp.  83  N.' 

From  Sec.  17,  Tp.  88N.,R.  28  W. 

••CoUins*  mine."  Sec.  17.  Tp.  88  N..  R.  28  W. 

"Cannel  Coal"  from  Rees'  mine.  Fort  Dodge. 


An  analysis  of  Tyson  coal  taken  from  the  left  bank   of  the 
river  in  the  summer  of  11K»^)  gave  the  following  results : 

Moisture    - 12.70 

Volatile    matter     44.12 

Fixed    carbon    32.91 

Ash     10.27 


Sulphur 


100.00 
5.33 
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Clay. 

An  abundance  of  suitable  clay  conveniently  exposed  along  the 
Des  Moines  river  furnishes  material  for  a  variety  of  clay  goods. 
Brick  and  tile  are  made  at  Fort  Dodge,  Coalville  and  Lehigh.  A 
pottery  at  Fort  Dodge  produces  stoneware  of  excellent  quality, 
and  in  considerable  quantities.  In  addition  to  building  bri(^ 
Webster  county  is  a  large  producer  of  paving  and  sidewalk 
brick.  Some  of  the  plants  are  finely  equipped  with  modem  ma- 
chinery and  kilns.  An  excellent  market  exists  on  account  of  the 
scarcity  of  material  in  many  of  the  counties  north,  east  and  west, 
and  the  price  of  building  brick  for  the  past  two  years  has  ranged 
from  five  to  six  dollars  a  thousand. 

Fort  Dodge  Brickyards.— The  Fort  Dodge  Clay  Works  is  sit- 
uated on  the  right  bank  of  the  Des  Moines  river,  conveniently 
near  the  Illinois  Central  railroad  with  which  it  is  connected  by 
short  side  tracks.  The  pit  extends  into  the  bank,  and  the  clays 
consist  of  drift,  shales  of  the  gypsum  formation  and  Coal  Meas- 
ures. Sections  of  this  pit  have  been  given  elsewhere.  The  drift 
is  used  as  sparingly  as  possible  and  only  when  mixed  with  the 
other  clays,  for  it  carries  so  much  lime  that  its  excessive  use  would 
seriously  injure  the  qualit)^  of  the  brick.  The  clay  is  loaded  in- 
to cars  in  the  pit,  which  are  drawn  to  the  mill  by  a  steam  wind- 
lass. A  stiff  mud  end  cut  machine  made  by  the  American  Clay 
Manufacturing  Company  is  used  for  working  the  clay.  From 
the  mill  the  brick  go  directly  into  spacious  driers.  A  large  con- 
tinuous kiln  and  four  down  draft  kilns— two  round  and  two 
square— give  large  burning  capacity.  The  plant  produces  45,000 
brick  per  day,  one-fourth  of  them  of  the  paving  variety.  Recent- 
ly this  company  has  opened  up  a  pit  on  the  banks  of  the  Lizard, 
near  its  mouth.  The  clay  here  consists  of  red  and  green  shales 
which  are  associated  with  the  gypsum.  Saint  Louis  limestone 
appears  on  the  banks  below  the  pit. 

The  Fort  Dodge  Brick  and  Tile  Works,  a  firm  composed  of 
J.  H,  Able,  Wm.  Fessel  and  F.  Moeller,  operate  a  large  plant 
directly  across  the  river  from  the  Fort  Dodge  Clay  Works.  It 
is  shown  in  the  foreground  of  Fig.  25,  while  the  pit  and  kilns  of 
the  Fort  Dodge  Clay  Works  appear  in  the  distance.    The  clay 


■sed  K  a  mistnne  of  drift  awi  Cuod  M^ttssrv  sfca>6^  ^  foroMr 
CKiiic  Bsed  in  acall  •^naiidtNS.  TW  $«£&&!  hats  a  trtHXKtiy  <.>f 
^*»>  hctbi-Hftg  bcii^  p»-  day.  In  addiQv^L  ttuicy  foar  Et>  twivv 
ixA  rijt  arv  isaie.  and  in  toe  AXir$i?  of  s  vMur  sboct  X\V-''»  fav- 
ic*  br:<ft.  "_»De^hall"  of  ii»  ennre  prxxlao:  is  itiarkrt»?\i  oujkvV 
€i  Fort  rfc>d«ft.    CocTvuiec;  side  inu-is  fa\-\Mr  rulrv\k.l  «u:'*'.»oSs* 


Bradshaw  &  Moeller'a  yard  in  "West  Fort  l^odjre  is  Iwntwi  on 
a  ravine  which  extends  back  from  the  river  a  short  distance.  The 
clay  is  Coal  Measure  shale  and  river  silt  A  Fate  and  Froeie 
end  cut  machine  with  20,000  daily  capacity  is  use<l.  The  hrick 
are  In  part  steam  dried  and  in  part  dried  by  exjiosure  to  the  air 
under  open  sheds.  Four  down  draft  kilns  are  used  for  burning 
the  brick.    Eighteen  men  are  employed  from  April  to  Novon\bor. 

The  Kime  brickyard,  which  was  at  one  time  oi>orated  near 
Fort  Dodge,  making  a  good  brick  from  Coat  Measure  ahalo  and 
silt,  has  for  some  time  been  idle. 

Brickyards  at  Cooiri We.— Schnurr  Brothers  oiKrato   n   brick 
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and  tile  plaut  at  Coalville,  using  Coal  Measure  clay  with  which 
a  little  glacial  drift  is  mixed.  A  section  in  their  pit  which  is  on 
the  bank  of  the  Des  Moines  river  shows : 

FKKT* 

4.  Drift,  with   some  lime    6 

3.  Shale    4 

2.  "Coal    blossom"     1 

1.  Shale    12 

Brick  are  here  burned  in  three  down  draft  kilns.  The  four 
inch  tile  made  at  this  plant  sell  for  $14.50  a  thousand  and  the 
six  inch  for  $27.00.  Very  recently  Johnson  Brothers  have  start- 
ed a  brick  plant  at  Coalville  with  an  outfit  and  material  about 
like  those  just  described. 

Brickyards  at  Lehigh.— Excellent  deposits  of  Coal  Meajsure 
shales  along  Crooked  creek  have  led  to  the  development  of  the 
brick  industry  on  a  large  scale.  At  present  three  large 
yards  are  in  successful  operation,  and  the  Lehigh  brick  deserve 
the  reputation  that  they  enjoy  as  fine  material  both  for  interior 
and  exterior  work.  Limited  shipping  facilities  are  the  only 
handicap  on  the  Lehigh  yards.  Located  as  they  are  directly  in 
the  midst  of  the  greatest  coal  producing  area  in  the  county  they 
enjoy  cheap  fuel. 

The  Corey  Pressed  Brick  Company  uses  a  Boyd  four  mould 
press  with  a  daily  capacity  of  20,000.  For  brick  of  the  first  grade 
made  at  this  plant  $12  a  thousand  is  received.  Three  round  and 
two  square  down  draft  kilns  are  used  for  burning.  The  clay  pit 
shows  thirty  feet  of  excellent  shale.  No  glacial  clay  is  used,  and 
this  is  a  prime  factor  in  securing  and  maintaining  the  high  grade 
of  the  brick  produced.  Much  of  the  clay  here  is  mined  in  order 
to  avoid  removing  the  glacial  clay  which  overlies  it,  and  by  ex- 
ercising some  care  in  choosing  the  clay,  brick  of  various  attrac- 
tive colors  are  secured. 

The  Lehigh  Clay  Works,  witli  G.  W.  Hughes  as  president, 
George  V.  Bailey  as  vice  president,  and  Fred  Essleck  as  secre- 
tary- and  treasurer,  commenced  operations  in  1900..  A  stlflf  mud 
machine  manufactured  by  tlie  American  Clay  Working  Machin- 
ery Company,  and  an  oscillating  side  cutter  are  in  use.  The  kilns 
are  of  the  Brighton  type,  and  of  75,030  capacity.    An  abjmdance  of 
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Coal  Measure  shale  is  available.     An  aDalysis  of  these  shales, 
laken  from  the  pit  of  this  brickyard,  is  as  follows : 

FXK  cnrr. 

Silica    53.0S 

Iron    oxidt   6.M 

Alamiiut     1T.71 

Ume    4.0S 

Ma^esU    .9i 

Carboaic   acid    , 2JS 

Soda    3.70 

Potaeh    1.2S 

Water    in    combinatiun    C.T7 

L'ndclenniDMl    1.33 


e  acid  and  fodinin  carbonatt 


Beem  and  Wilson  are  making  [treparations  to  start  the  old  Le- 
high brickyard,  some  time  ago  i)artially  destroyed  by  fire. 


■1 

IF 

^tfiSgp^ 

^;^rC^' 

Fit  as     Ti^  V'x-,  i>iA^  Pofl-r 


Fori    liodg^t    Potterif.— This    indastry    has    isasaed    lLrr>agh 
a  gmdaal  bnt  very  satisfactory  development  and  ti>day  :j^  a  well 
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established  and  important  industry.  The  wares  produced  arc 
jugs,  jars  and  butter  crocks.  Many  large  pieces  of  twenty  to 
thirty- jSve  gallons  capacity  are  made.  The  clay  used  in  these 
articles  is  obtained  from  a  mine  in  the  Coal  Measure  shales  on 
the  left  bank  of  the  river,  a  half  mile  above  Fort  Dodge.  It  bums 
uniformly  and  there  is  but  little  loss  from  checking  or  cracking. 
Fort  Dodge  plaster,  about  twenty  tons  a  year,  is  used  for  the 
moulds.  Considerable  skill  is  shown  in  the  glazing,  and  the  ap- 
pearance of  the  ware  put  on  the  market  is  attractive.  The  annual 
output  is  valued  at  $30,000. 

Below  two  analyses  of  clay  are  given,  the  *  *  first  qualit)^ ' '  being 
in  constant  use  at  the  Fort  Dodge  pottery,  while  the  second, 
which  is  equally  available  so  far  as  supply  is  concerned,  proves 
to  be  a  clay  which  checks  badly  in  burning. 

FIRST  SBCOND 

QUALITY .        QUALITY . 

Silica  (SiOt )     , 66  00  63.83 

Alumina  (A1,0,) 19.32  17  55 

Iron  oxide  (Fe,  Og) 80  2.75 

Calcium  oxide  (CaO) 2  85  2  94 

Magnesium  oxide  (MgO) 54  .57 

Potash  (K,  O) 1.15  .67 

Soda 2.49  .79 

Carbon  dioxide 2.36 

Water  and  undetermined 6.84  8.54 

100.00  100.00 

Insoluble  in  H,  SO4  and  Na,  CO, 58.55  68.69 

Clay  number  one  is  a  good  pottery  clay,  as  will  be  seen  by  com- 
paring it  with  the  analysis  of  pottery  clay  from  Zanesville,  Ohio, 
given  below,  which  enjoys  a  wide  reputation.  The  low  percent- 
age of  iron  prevents  discoloring  and  the  small  quantity  of  water 
ensures  the  material  against  checking. 

ZANESVILLE,  OHIO,  POTTERY  CLAY. 

PBR  CBNT. 

Silica(SiO,)     64.26 

Alumina  (Al,  O.) 22.95 

Ironoxide(Fe,0,) 1.28 

Calcium  carbonate' Ca  COs)   45 

Magnf  slum  oxide  (MgO ; 37 

Potash(K,0) 1.81 

Soda 15 

Water 8. 79 
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A  careful  search  for  a  clay  that  would  furnish  a  good  fire  brick 
was  made  but  without  success.  The  clay  lying  directly  under 
the  gypsum  seemed  to  be  the  material  sought,  but  an  analysis 
showed  a  high  percentage  of  powerful  fluxes,  so  that  the  liigh 
silica  content,  which  is  favorable,  is  in  part  overcome.  The  analy- 
sis is  as  follows:* 

PBR  CBNT. 

SiUca  (SiOJ 79.99 

Alumina  (A1,0,) 7.49 

Iron  oxide  (  Fe,0,) 47 

Calcinm  oxide 2.09 

Magnesium  oxide  (MgO) 2 . 37 

Potassinm  oxide  (K,  O) 2.88 

Water 49 

Rational  analyses. .  •  r 4.45 

100.23 
Insoluble  in  Hj  SO,  and  Na,  CO, 84.66 

The  analysis  indicates  that  in  burning  this  clay  will  require 
little  fuel,  but  will  demand  more  than  ordinary  care  on  account 
of  the  narrow  margin  between  incipient  and  final  fusion,  the  per- 
centage of  fluxes  being  high. 

Building  Stone. 

The  Saint  Louis  limestone  has  furnished  a  great  deal  of  valu- 
able building  stone,  much  of  which  has  been  used  for  foundations 
and  terrace  walls  in  Fort  Dodge.  Most  of  the  stone  has  been 
quarried  along  Soldier  and  Lizard  creeks,  and  near  the  left  bank 
of  the  river,  at  numerous  points  for  two  miles  north  of  the  city. 
Work  IS  carried  on  intermittently,  and  at  no  point  do  the  devel- 
opments deserve  the  name  of  quarry,  if  by  that  term  permanent 
fixtures  in  the  form  of  derricks  and  heavy  machinery  is  under- 
stood. Operations  on  Soldier  creek  have  been  mainly  confined 
to  Baehring's  quarry,  near  the  mouth  of  the  creek.  Here  both 
limestone  and  sandstone,  the  latter  calcareous,  have  been  quar- 
ried for  use  in  Fort  Dodge,  some  of  the  layers  being  of  consid- 
erable thickness  and  all  of  the  stone  of  good  quality.  The  exces- 
sive amount  of  drift,  which  must  be  removed  before  quarrying 
is  possible,  limits  future  operations  at  this  point. 

^  Anilyii*  by  J.  B.  Ween*. 
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Opportunities  for  more  extensive  quarries  in  the  limestone  are 
offered  at  a  number  of  points  along  the  Des  Moines  river  north 
of  Fort  Dodge.  The  Coal  Measure  shales  and  drift  have  been 
removed  by  the  river  and  the  stone  forms  a  scantily  covered  shelf 
often  two  hundred  yards  wide.  The  stone,  however,  hardly 
warrants  extensive  development  if  large  building  blocks  are  de- 
sired. It  is  very  durable,  but  is  too  badly  broken  by  joints  and 
cracks  to  furnish  material  for  heavy  walls.  The  rapid  increase 
in  the  use  of  Portland  cement;  however,  has  throughout  the  coun- 
try stimulated  the  crushed  stone  industry.  Building  and  pav- 
ing with  concrete  are  destined  to  increase  steadily  as  the  years 
go  by,  and  the  Saint  Louis  limestone  along  the  liver  in  Webster 
county  will  furnish  excellent  material  for  these  purposes.  The 
very  characteristics  that  render  it  unfit  for  building  blocks  make 
it  a  most  economical  stone  for  crushing.  In  tliis  use  of  the  lime- 
stone it  is  reasonable  to  anticipate  the  greatest  development  in 
connection  with  Webster  county  quarries. 

Quarries  in  Sandstone.— The  Coal  Measure  sandstones  in  the 
southern  part  of  the  county  have  at  various  points  attracted 
quarry  men.  The  softness  of  the  stone  and  the  fact  that  it  gener- 
ally carries  enough  sulphide  of  iron  to  cause  it  to  discolor  on  ex- 
posure to  the  air  have  greatly  discouraged  extensive  efforts  at 
development.  The  first  of  considerable  size  was  the  Crawford 
quarry  on  the  Albee  estate,  in  Tp.  88  N.,  R.  XXVIII  W.,  Sec.  14, 
Nw.  Vi  of  Ne.  y^.  The  quarrj^  is  located  in  a  small  ravine  where 
the  rock  is  naturally  exposed.  An  average  section  through  the 
quarry  face  shows: 

FEET. 

3.     Drift     10  to  15 

2.     Shale     .......... 2  to  .  3 

1.    Sandstone 15 

The  sandstone  is  probably  much  thicker,  but  has  not  b^ec  quar- 
ried below  the  bottom  of  the  ravine.  It  is  ferruginous  and  con- 
tains many  selenite  scales  which  look  like  mica.  Even  in  a  given 
layer  the  stone  varies  often  in  color  and  hardness.  The  colors 
are  various  shades  of  red.  Some  layers  are  practically  useless 
for  building  purposes  because  they  contain  many  small  iron 
concretions.  At  certain  points  in  the  quarry  the  rock  attains  a 
fair  degree  of  hardness.    The  layers  are  of  a  desirable  thickness. 
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varying  from  six  inches  to  two  feet  Jointing  in  uuimrfiH^^  but 
snffidentlv  well  developed  to  render  quarryjiiif  tstmy.  H^mm  y^am 
ago  the  quarry  was  well  equipped  with  Mesan  ilnrn^'kn^  and  a 
side  track  gave  good  shipping  fsunUtien,  \mt  sd  f/r^^iffit  it  U  taA 
operated. 

The  Carter,  Lanfersweiler  and  Hyan  nskwhtVmi^  'iusirry  tn  nit- 
naled  in  WashingU>n  U/wmhip,  S^f.  2fj,  Ht^.  \\^  ^m  tJ^  rh^ff 
bank,  and  dose  to  the  tracks  oi  the  l^nn^t  \frzwh  ^4  Ht^.  Mm^m 
City  k  Fort  Ikjdre  TBUirjad.  At  pre«<^ffit  fmlr  a  fi^fW  f^^  //f  4ffft 
must  be  i«iac«red  to  rend^er  quarrying  jjMfcwJ^*  t^^^^o^  ati  w^wr 
eHiH^ds  Idiiek  Jiito  tLe  hiuff  tte  ainoiml  wijj  fl^ra^}.'ia«.J7  ;i>«^Aa»*i-. 
At  presHQj  ti*er  fa«r  <rf  tLe  ^iuarry  hhf/w^  tw*t4r  fj^^^:^  ^yf  ^pra^  m^ 

Tlie  annaj  sy^jsift'  Si  -oiiim  liL?»j^  f*i^<  t/ji^  1^  ^A  iij:  -ar^;:;  ^.#ftii»i 

iz^  •♦iiemac  ii  tii»r  jj^ii  ib  jt^jC^  Tii*:  i«><  ti:;^;::  liu*-  apirt  ^v^su^r  .<^<!fer- 
vi»w*i'  vii  i»*iii  'Oi>?*  ii^.c  ;':i  ^trij  -r^rr  ihii^u^^K^i^  ^:a»^ir  -v^  '^vraivwii^^ 
t  2i  tiH-  211:*:  :  »r:?!iiiHJidr  '«2ii'i»?>',»ii»r  vMb\rr>fC  v->  v^  ^ii<  V^tti^  liisSu 

'Wi&»ii*ar  1;   ju«v:f7  -*^:v^!UH"TJr-  \-\sa:Tyr^j^    A  f>nr  Atmi  *r^  ki^r 


Stan**  DiiTiuf  iii*^  )ai*r  iT%^  -.^ni*^,  inrtmur  um  t#»<^  nnn>  ihimmtt- 
•2iai  iian  "ti#^   )msrr»**  lunip^^   n  '4i#»-  lumiii'n'nm*^    \r*    T^xr^Xand 

-iniu*  ;TTi..»#mi  ^fv*rT^  inn#irri*fC    Dili's*  "tmr  inip^  >riifr,i>c!!ir  j^isr  i^^n 
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even  more  rapidly,  and  the  deficiency  has  been  made  up  by  im- 
portation, as  is  shown  by  the  following  table:* 


AMERICAN. 


FOREIGN. 


1882 

1885 

1887, 

1892. 

1894 

1896 


Barrels. 
85,000 
150,000 
250,000 
547,440 
789,757 
1,543.023 


Barrels. 
370,400 
554,396 
1,514,095 
2,440.654 
2,638,107 
2.989,597 


Since  1898  many  new  mills  have  been  erected.  In  Michigan 
and  Illinois  especially  the  production  of  cement  has  greatly  in- 
creased; yet  during  the  ten  months  ending  in  April,  1900,  cement 
valued  at  $2,617,470  was  imported,  f  It  appears  that  the  rapidly 
increasing  supply  lags  nearly  as  far  behind  the  increased  demand 
as  fcrmerlj\  The  time  will  doubtless  come  when  supply  and 
demand  will  be  more  nearly  balanced,  though  the  danger  of  over 
supply  seems  remote.  In  locating  new  mills,  however,  the  fact 
must  be  kept  in  mind  that  competition  will  be  sharper  in  the  fu- 
ture, and  conditions  as  favorable  as  possible  for  economic  pro- 
duction must  be  sought.  The  plant,  too,  must  be  large  enough 
to  allow  great  economy  in  management.  Under  favorable  natural 
conditions  would  be  included  an  abundance  of  high  grade  raw 
material,  cheap  fuel,  good  shipping  facilities  and  a  convenient 
market. 

The  materials  used  in  making  Portland  cement  are  a  pure 
limestone  or  marl,  and  clay  or  shale.  About  three  parts  of  lime- 
stone are  used  to  one  of  shale.  These  materials  are  ground, 
burned  together  at  a  high  temperature  and  then  reground.  It  is 
very  essential  that  the  limestone  be  free  from  magnesia,  and 
this  greatl)^  limits  the  number  of  available  limestones.  The  fol- 
lowing description  of  suitable  clays  for  Portland  cement  is  taken 
from  an  article  by  W.  H.  Hess  in  the  Cement  and  Engineering 
News  for  Februarj^  1900 : 

*  Cemeat  and  Eogioesrioff  Newt,  Vol.  VIII,  No.  i,  p.  13 
t  Ibid,  June,  1900,  p.  91. 


Silica   ..                                        '"^OMnAuv  '^'* 

iron  ...        '"'•«''  ,';  «» 

Oxide  oV;- ••• "■■">         t'     «'"" 

Oxide  o/i'"'*   .: "-'"  *;?        """ 

"°*»''"o„...    ,.,j  "*<  „,^ 

"*  ^Ul    .„  ■  '■  -^     «    ,  ,  ^  -^=»«i".  /v.«*  ''■"''•f..n  "''   r: 

-»^H?^      — *«. ''iill/i**    •  .i*jr      -t^  '■         turn      ■»<  •  W^ 

■"  -"^-  .«:~rJ^"'-"^  ^rtv;-"'---'.  ^.^-^'----v; 


-'■T..i      '  -, 
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taken  from  the  exposure  at  the  mouth  of  Lizard  creek  on  the 
right  bank,  gave  the  following  results:* 

Upper  layer,  2  feet. 

Carbonate   of  lime  88.75. 
Sulphate   of   lime  00.28. 

Next   layer,   2   feet    (shale). 
Carbonate    of    lime    53.25. 
Sulphate  of  lime  2.46. 

Next  layer,  2^2  feet. 

Carbonate    of    lime    88.75. 
Sulphate  of  lime  00.17. 

A  sample  of  cement  was  made  from  these  layers  and  carefully 
analyzed,  with  results  as  follows: 

Lime    63.48 

Silica    *. 25.53 

Alumina  and  iron    8.80 

Magnesia    1.10 

The  cement  was  pronounced  excellent  by  experts,  and  the 
locality  was  reported  as  worthy  of  careful  investigation  with  a 

view  to  the  erection  of  a  cement  mill.    A  more  favorable  localitv 

• 

may  be  found  on  the  Des  Moines  river  above  Fort  Dodge,  where 
the  Saint  Louis  limestone  is  more  abundantly  exposed,  and  where 
the  Coal  Pleasure  shales  are  available.  In  view  of  tlie  fact  that 
better  localities  in  Iowa  have  not  yet  been  reported,  the  condi- 
tions in  Webster  county  should  be  borne  in  mind  by  those  inter- 
ested in  establishing  a  cement  mill  in  the  state.  Fuel  is  abund- 
ant and  cheap,  and  four  great  railroad  systems  give  direct  con- 
nection with  all  parts  of  the  countrj^  The  reputation  that  Fort 
Dodge  already  enjoys  as  a  plaster  producing  center  would  be 
in  favor  of  the  new  material  when  put  upon  the  market. 

Lime. 

Formerly  limited  quantities  of  the  Saint  Louis  limestone  were 
burned  for  quicklime  along  the  Des  Moines  river  and  Soldier 
creek.  On  account  of  the  chemical  composition  of  the  stone  it 
is  not  possible  to  make  from  it  a  high  grade  of  lime.  A  magne- 
sian  limestone  is  necessary  in  order  to  produce  a  lime  that  will 

*  Analyse!  by  Lundteisren,  of  the  Peerleu  Portland  Cement  Company. 
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not  too  readily  slake,  and  that  will  bear  shipment  and  attendant 
exposure  to  the  air.  As  has  been  shown,  however,  the  absence 
of  magnesia  gives  the  stone  a  greater  economic  value  in  making 
it  suitable  for  Portland  cement. 

Road  Materials. 

In  the  gravel  terrace  along  the  Des  Moines  river  there  are 
great  quantities  of  excellent  road  material  in  the  form  of  sand 
and  graveL  These  terraces  are  remaricably  developed  at  points 
near  Fort  Dodge  on  both  sides  of  the  river.  This  is  particularly 
fortunate,  for  in  the  central  and  southern  part  of  the  county 
there  is  much  flat  land  that  is  but  partially  drained.  In  the  north- 
on  part  of  the  oountr  numerous  gravel  pits  have  been  opened 
up  in  the  kames  that  are  found  in  the  morainic  tracts  already 
described.  The  location  of  gravel  pits  is  shown  on  the  accompany- 
ing majx  The  Saint  Loms  limestone,  if  crushed,  would 
make  a  good  maradam,  and  immc^ise  quantities  of  it  are  avail- 
ableL  The  bowlders  scattered  over  the  fields  and  piled  in  fence 
comers,  if  broken  and  placed  on  the  roads  as  is  the  custom  in 
northern  Germany,  would  greatly  improve  existing  conditions. 

^Vater  Power. 

At  present  water  is  not  used  for  (lower  at  any  point  within  the 
coocty,  though  traces  of  a  number  of  dams  still  remain  along 
the  lies  Moines  river.  A  head  of  six  or  more  feet  could  easily 
be  obtained  at  a  number  of  points  on  the  river  without  flooding 
the  arable  lowlands.  During  the  greater  part  of  the  year  at  least 
thirty  hcwse  power  could  thus  he  secured.  During  the  three 
^uma^jer  months  the  power  would  be  reduc*rd  oiae-haif.  Until 
fuel  becomes  more  expensive,  however,  it  will  hardly  be  practi- 
cal to  utilize  the  water  power  within  the  county  for  anything  ex- 
cept minor  enterf^nse^^ 

"Water  Supply. 

Most  of  the  farm  wells  obtain  water  in  sand  lavers  within  the 

gladal  drift.    The  supply  so  obtained  is  geoeraJly  abundant  and 

the  depth  to  which  the  well  must  be  sunk  is  not  excessiv*-.  vary- 
33G 
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ing  from  ten  to  sixty  feet.  In  the  northern  part  of  the  county 
a  few  wells  find  water  in  the  Saint  Louis  limestone,  while  in  the 
southern  part  some  wells  penetrate  the  Coal  Measure  shales  till 
a  sandstone  layer  is  reached.  The  water  of  these  wells  is  apt  to 
carry  iron  in  solution.  Water  in  deep  wells  in  the  gypsum  area 
is  often  impregnated  with  that  mineral.  No  unusual  difficul- 
ties are  encountered  in  well  drilling.  The  average  price  for  drill- 
ing in  the  northern  portion  of  the  county  is  fifty  cents  for  dirt 
and  $1.50  for  rock,  for  the  first  hundred  feet,  and  twenty-five 
cents  per  foot  additional  for  greater  depths.  There  are  no  flow- 
ing wells  in  the  county.  Excellent  springs  are  found  in  the  bed 
of  Lizard  creek,  one  mile  above  its  mouth,  the  water  coming  up 
through  cracks  in  the  Saint  Louis  limestone.  Near  the  mouth 
of  Prairie  creek  are  small  perennial  springs.  Water  for  the  city 
of  Fort  Dodge  is  taken  from  the  Des  Moines  river  by  means  of 
filters  placed  at  the  upper  end  of  Duck  island.  The  water  is 
potable  and  reasonably  pure. 

Mineral  Paint. 

The  color  of  many  of  the  clays  in  Webster  county,  especially 
those  found  just  above  and  below  the  gypsum,  has  led  many  per- 
sons to  experiment  with  them  witli  the  hope  of  finding  a  natural 
pigment.  In  a  limited  measure  their  hopes  have  been  gratified 
for  at  times  the  clav  carries  sufficient  iron  oxide  to  render  it 
good  paint  when  ground  and  mixed  with  oil.  It  has  not  proven 
satisfactory  enough  to  warrant  extensive  development,  however, 
and  no  pigments  of  commercial  importance  can  be  reported  as 
occurring  in  the  county. 

Mineral  Springs. 

AVhile  many  wells,  particularly  those  within  the  gypsum  region, 
yield  water  which  contains  a  small  amount  of  mineral  matter  in 
solution,  but  one  highly  mineralized  spring  was  found  witjiin  the 
county.  Located  on  the  right  bank  of  the  Des  Moines  one-fourth 
of  a  mile  above  the  bridge  at  Kalo,  in  Tp.  88  N.,  R.  XXVIII  AV., 
Sec.  17,  center,  is  a  perennial  spring  of  considerable  volume  yield- 
ing non-1  )otab]e  water.  A  chemical  analysis  made  by  Professor 
Weems  shows  that  this  water  contains : 


MlNKHAtll  IMI 

Alumina,  Alt  Ot Mf^.H  imill  j^n^  HOIMhH 

Ferric  oxide,  Fei  O. .., ..,,   Jfm  n  jmH^  \^¥\  \\\\\\\\\W 

Sulphur  trioxide,  SOi fl^n  H  pAUii  pi«t  hMIIImM 

The  alumina  and  iron  aro  probably  prMNMiil  mm  Miil|iliMliiM,  mImI 
the  impression  tiiat  the  wat(»r  Kiv<*H  lo  Hu«  ImnIm  I«  HimI  hT  m  Hlriiim 
alum  solution. 

The  amount  of  alum  prf»w*fit  in  'ttm'mini\t'fiui  finm  an  m^'/mm^imIm 
point  of  view,  and  whih*  Hulphuf^*  of  iron  uu*U*r  fJM*  hiiinh  nf  /'/*p 
peras  is  used  freely  in  the  arti<,  it  in  ftthdwpti  p^i  fUift^dv  /m  ti  f^v 
product  in  the  manufa^ftun*  of  wirif  ih/i>  ftu  fitUuff^l  to  ffUhOfi  it 
by  eoDcentratiou  of  nprUt^  wnU^r  wo$$Ui  Wff  \ffff/tt  fhihuut*ftit)\^h 

SBTr^S-  fBTLUMT  ii'^Cii^ffc,     It  ^/^ri,tk  <^^C(^x:.f/fv:f  :t\  ^ts^  ^ /m\    ^^v^^rrf^ 
^rtui'Ji.  Tiuni^   im|ej*r   i^miln^    *^    tip^   *:I?to    ♦viji*       ''»»rto'/»   ^f^'/f^ffjr 
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ments  of  the  Coal  Measure  flora  have  been  replaced  by  them.  The 
fossils  containing  marcasite  unfortunately  soon  crumble  on  ex- 
posure to  the  air. 

Cone-in-cone.— In  a  cutting  on  the  Lehigh  branch  of  the  Mason 
City  and  Fort  Dodge  railroad,  just  above  Duncomb's  mill,  a  layer 
of  cone-in-cone  eight  inches  thick  may  be  traced  for  a  hundred 
yards.  This  mineral  when  found  in  detached  fragments  is  often 
thought  to  be  petrified  wood  on  account  of  its  fibrous  structure. 
The  fibers  of  the  mineral  are  arranged  in  bundles  in  the  form  of  a 
cone,  and  when  the  outer  layers  are  removed,  an  inner  cone  ap- 
pears. Cone-in-cone  has  previously  been  reported  from  Iowa  by 
Owen*  and  Beyer,  f  Chemical  analysis  by  Professor  G.  E.  Patrick 
showed  that  it  is  nearly  pure  calcium  carbonate  (Ca  CO,,  equalling 
83.12  per  cent).  Calcium  carbonate  in  its  ordinary  crystalline 
form,  calcite,  is  not  common.  Small  crystals  are  sometimes  found 
in  cavities  in  the  Saint  Louis  limestone. 

Celestine.— This  mineral,  the  sulphate  of  strontium  (Sr  SO*), 
has  been  found  in  at  least  two  localities  in  Webster  county  in 
limited  quantities.  In  1896,  near  KohPs  brewery  at  the  mouth 
of  Soldier  creek,  a  mass  of  fine  crystals  was  taken  out  of  the 
shales  overlying  the  gypsum.  It  has  within  recent  years  been 
repoited  from  the  vicinity  of  the  old  packing  house  on  the  left 
bank  of  the  river  just  below  Fort  Dodge.  White:}:  mentions  both 
of  these  localities  and  says  that  celestine  has  been  found  in  Web- 
ster county  both  in  the  Coal  Measure  shales,  and  in  the  clays  that 
overlie  the  gypsum.  The  layers  found  by  him  were  not  more 
than  a  rod  in  length  and  three  inches  in  thickness.  In  all  cases 
the  mineral  is  light  blue  in  color  and  nearly  transparent  Stron- 
tium is  sometimes  obtained  from  it,  but  it  must  occur  in  large 
quantities  to  possess  commercial  value. 

Copperas  or  Ferrous  Sulphate.— {Fe  SO*)  On  the  face  of  the 
sandstone  ledges  in  Prairie  creek  a  white  powder  forms,  which 
is  washed  off  by  the  rains  only  to  reform  within  a  few  days.  In- 
stead of  ]>owder  there  are  at  times  slender,  white,  needle  like 
crystals.  Both  crystals  and  powder  are  the  sulphate  of  iron  or 
copperas  as  it  is  commonly  called.    Massive  crystals  of  copperas 

^  Geol.  Iowa,  Wisconsin  and  Minnesota,  p.  113. 

t  Iowa  Geo! .  Surv.,  Vol.  V,  p.  ajc. 

t  Geol.  of  Iowa,  White,  1870,  Vol.  II,  p.  304. 
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are  said  to  have  been  found  at  the  old  coal  mines  above  Fort 
Dodge. 

Aluminum  Sulphate.— (Al,  SO4.)  This  mineral  was  found  fill- 
ing small  cavities  and  forming  small  layers  in  the  Coal  Measure 
shales  exposed  along  the  Des  Moines  river  below  Lehigh.  It 
occurred  in  the  form  of  a  brown  powder.  At  no  point  was  it 
foimd  in  considerable  quantities,  though  a  few  pounds  could  be 
obtained  readily.* 

Tufa  fied5.— Near  the  mouth  of  a  small  ravine  on  fhe  right 
bank  of  the  river,  one-half  mile  above  Lehigh,  in  Bumside  town- 
ship, Sec  1,  Sw.  1/4,  there  is  an  axUnmva  deponit  of  calcareous 
tufa.  The  deposit  covers  to  a  thickness  of  several  feet  the  Coal 
Measure  sandstone  that  forms  the  bank  of  the  hollow.  It  (contains 
innumerable  beautifully  preserved  inipressionH  of  heaves  of  the 
hardwood  trees  now  common  to  the  locality,  as  well  as  Hhells  of 
Mesodon. 

It  is  doubtless  the  result  of  an  oxtxinKive  lime  hcarinK  spring 
and  the  material  has  recently  been  depoHiUnJ,  though  no  spring 
now  exists  in  the  locality. 

Soils. 

With  but  trifling  exceptions,  the  soil  of  W(ib8ter  (county  is  gla- 
cial in  origin.  It  is  rich  in  lime  and  generally  efTerv(*sces  with 
add  ^^gorously  from  the  grass  roots  down.  It  yields  most  abund- 
ant crops  of  the  grains  and  fruits  that  the  climate  i>ennit«.  The 
surface  is  but  seldom  covered  with  more  b^jwlders  than  are  desir- 
able for  the  construction  of  foundations  for  fann  buildings.  Ou 
the  lower  river  terrace  the  silt  makes  a  very  desirable  soil. 

Prehistoric  Inhabitants  of  Webster  County, 

Belies  of  people  that  inhabited  the  countr>'  at  a  j>eriod  much 
earlier  than  the  advent  of  the  white  man,  have  from  time  to  time 
been  found,  and  have  always  attracted  a  great  deal  of  popular 
interest  Conspicuous  mounds  in  the  vicinity  of  l^ehigh  have 
long  been  recognized  as  the  work  of  the  mound  builders,  and 


Anifiis  «M  Mde  by  Pr«f  j.  B.  W«eaic 
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those  that  have  been  opened  have  yielded  fragments  of  decorated 
pottery,  portions  of  human  skeletons  and  arrow  points. 

A  locality  which  has  of  late  years  attracted  considerable  atten- 
tion on  account  of  its  relics  of  prehistoric  age  is  "boneyard  hol- 
low." This  is  the  name  given  to  the  mouth  of  a  ravine  two  and 
a  half  miles  abo^'e  Lehigh,  on  the  right  bank  of  the  river.  The 
river  here  develops  two  terraces,  shown  in  the  sketch  as  T  1  and 
T  2.  On  the  south  bank  of  this  ravine,  in  the  second  terrace, 
bones,  arrow  points  and  bone  ornaments  in  considerable  num- 
bers have  been  found.  The  width  of  the  ravine  here  is  consider- 
able, i>erhaps  a  hundred  yards.  The  bones  are  those  of  buffalo, 
and  witli  the  exception  of  the  teeth,  which  are  abundant  and  well 
preserved,  are  badly  decayed.  Tliey  are  buried  under  six  feet 
of  silt  and  above  them  trees  of  considerable  size  are  growing, 
among  otlieis  a  hard  maple  twelve  inches  in  diameter. 


"Bjdi  Vard  Hollon 


Shells  of  Mesodon  are  common  in  the  silt.  With  tlie  hones  a 
double  ring  was  found,  in  pattern  like  two  of  the  three  rings  in 
the  Odd  Fellows'  symbol.  They  were  skillfully  carved  out  of 
bone,  probably  the  tip  of  a  buffalo  horn,  and  each  is  an  inch  in 
diameter. 

If  these  relics  are  considered  as  old  as  the  terrace  T  2  in  which 
they  are  found,  their  antiquity  is  considerable  ai4d  some  impor- 
tance must  be  attached  to  them.  Unless,  however,  similar  relics 
are  discovered  far  back  in  the  terrace,  away  from  the  edge  to- 
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those  that  have  been  opened  have  yielded  fragments  of  decorated 
potten',  portions  of  human  skeletons  and  arrow  points. 

A  locality  which  has  of  late  years  attracted  considerable  atten- 
tion on  account  of  its  relics  of  prehistoric  age  is  "bonej'ard  hol- 
low." This  is  the  name  given  to  the  mouth  of  a  ravine  two  and 
a  halt'  miles  above  Lehigh,  on  the  right  bank  of  the  river.  The 
river  Jiere  develops  two  terraces,  shown  in  the  sketch  as  T  1  and 
T  2.  On  the  soutli  bank  of  this  ravine,  in  the  second  terrace, 
bones,  arrow  points  and  bone  ornaments  in  considerable  num- 
bers have  been  found.  The  width  of  the  ravine  here  is  consider- 
able, perhaps  a  Inmdred  yards.  The  bones  are  those  of  buffalo, 
and  with  the  exception  of  the  teeth,  which  are  abundant  and  well 
preser\'ed,  are  badly  decayed.  They  are  buried  under  six  feet 
of  silt  and  above  them  trees  of  considerable  size  are  growing, 
among  otlieis  a  hard  maple  twelve  indies  in  diameter. 
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Shells  of  Mesodon  are  common  in  the  silt.  With  the  bones  a 
double  ring  was  found,  in  pattern  like  two  of  tlie  three  rings  in 
the  Odd  Fellows'  symbol.  They  were  skillfully  carved  out  of 
bone,  probably  the  tip  of  a  buffalo  horn,  and  each  is  an  inch  in 
diameter. 

If  these  relics  are  considered  as  old  as  the  terrace  T  2  in  which 
they  are  found,  their  antiquity  is  considerable  aiid  some  impor- 
tance must  be  attached  to  them.  Unless,  however,  similar  relics 
are  discovered  far  back  in  the  terrace,  away  from  the  edge  to- 
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ward  the  river  and  ravine,  it  is  much  more  natural  to  suppose 
that  the  bones  and  implements  accumulated  where  they  are  now 
found  and  were  afterward  covered  by  material  washed  down 
upon  them  from  points  higher  up  on  the  terrace.  Shells  of  Me- 
sodon  abound  at  higher  points  and  might  easily  have  been 
washed  down,  with  earth  and  sand,  over  the  old  camp  fire  of  In- 
dians who  sought  the  edge  of  the  ravine  for  shelter  from  the 
wind.  It  would  not  seem  wise,  therefore,  to  ascribe  to  them  great 
antiquity.  The  bone  rings,  too,  are  of  a  pattern  which  Indians 
and  mound  builders  did  not  know,  and  which  suggests  contact 
with  white  men. 

In  the  preparation  of  this  rei)ort  the  writer  is  indebted  to  many 
persons.  He  enjoyed  the  company  of  Professor  Calvin  in  visit- 
ing the  typical  drift  exposures  of  the  county,  and  in  detennining 
the  age  of  the  drift  was  aided  by  his  judgment.  In  the  discus- 
sion of  the  age  and  origin  of  the  g>'psum  the  aid  and  influence  of 
Professor  T.  C.  Chamberlin  is  gladly  acknowledged.  Dr.  H. 
F.  Bain  spent  some  time  in  the  field  searching  for  suitable  ma- 
terial for  Portland  cement.  Dr.  Charles  R.  Keyes'  previous  re- 
port on  the  Webster  county  gj^psum  was  of  ser\^ice  at  many 
points.  Prof.  Macbride  identified  the  ferns  and  other  representa- 
tives of  the  Coal  Measure  flora.  Mr.  A.  W.  Ristine,  a  student  at 
Harvard,  carried  out  successfully  many  details  of  the  field  work 
in  the  summer  of  1900.  The  various  well  drillers  whose  names 
are  given  in  connection  with  data  cited  were  generous  and  cour- 
teous in  furnishing  this  valuable  information.  The  managers 
of  the  various  coal  companies  contributed  important  facts  which 
go  far  toward  making  the  report  complete. 
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THE  GYPSUM  INDUSTRY    OP  GERMANY. 

During  the  past  ten  years  the  Gennan  gypsum  industry  \mf 
made  rapid  advances.  In  amount  of  money  investeiJ,  in  tbc^ 
•quantit}'  of  the  output,  in  development  of  machinery  and  in  the 
variety  of  uses  to  which  the  manufactureil  products  are  put,  it 
surpasses  the  gypsum  industiy  of  the  United  Stat(*s.  This  inay 
be  accounted  for  in  part  by  the  fact  that  the  chemical  and  pliy- 
sical  properties  of  gj'psum  have  been  more  carefully  ntiidied  in 
Germany.  The  demand  for  more  jiermanent  and  fireproof  build- 
ing material  than  is  commonly  used  in  America  has  douhtless 
been  an  additional  stimulus  U)  the  gypsum  induntry  of  Germany, 
On  tlie  other  hand,  the  industr\'  in  the  L'niti^iJ  Stiites  Im.-  devel- 
oped certain  valuable  characteristics  to  me<-t  the  f^fculiaritien  of 
the  American  manner  of  building  which  are  unknown  in  Kuroi>e, 
Before  its  recent  rapid  pi  ogress  the  Gennan  g>'pHum  indu>^try 
undent ent  a  long  and  gradual  evolution.  Gypsum  plai^ti^r  wan  ui^*d 
in  many  of  the  old  feudal  castles,  many  of  which  are  still  nt^inding, 
and  are  cited  as  a  proof  of  its  durability.  The  fir^it  grinders  of 
gypsum  rock  were  the  millers  and  the  first  r^lciners  were  the 
bakers.  Traces  of  these  original  processes  may  fje  ne^^n  in  many 
of  the  methods  emploved  todav.  Earlv  efforts  at  f^:/>noniv  in 
fuel  were  made  by  those  who  endeavore^I  to  itaUiine  gj'j^um  with 
the  waste  heat  of  the  lime  pit.  Indee^L  in  some  fiarts  of  the  ^^oun- 
try  these  primitive  processes  linger,  and  contrast  strikin^rly  with 
a  modem  mill  like  that  of  the  Hhenish  g>'f^am  inflwsiry  at  Mano- 
beim  where  fuel  and  labor  are  tn^tmnstiz/fA  bv  ctjntiuwjw^  r^M- 
tating  caleiners  and  where  the  mill  is  walled,  floored  ziA  roofed 
with  grpsmn  plasters. 

The  German  gypsom  indnstry  has  three  great  iffnter% ;  the  Hartz 
maantains  north  of  XordhanseiL  aboat  the  village  of  Kllri^rk; 
in  Thnringia.  near  Poissneck.  in  the  village  of  Krol|ia ;  and  at  var- 
ions  towns  on  the  Rhine,  near  its  eonfineiK^  with  the  Xeekar. 
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With  one  of  two  exceptions,  the  mills  are  located  near  the  gypsum 
beds.  These  exceptions  are  instances  where  the  raw  material 
is  brought  nearer  to  market  and  to  fuel  by  river  boats. 

The  industrial  conditions  differ  somewhat  from  those  in  Amer- 
ica. Labor  in  quarries,  mines  and  mills  is  paid  about  one-half 
as  much  as  service  of  the  same  sort  would  receive  in  the  United 
States.  Fuel,  on  the  other  hand,  which  in  the  manufacture  of 
gypsum  plaster  is  secondary  only  to  labor,  costs  mqre  than  twice 
as  much.  The  price  received  for  plaster  is  much  less  than  in 
America,  and  competition  for  trade  is  stronger.  An  annual  meet- 
ing of  the  gypsum  manufacturers  regulates  prices.  In  a  meas- 
ure this  meeting  is  also  beneficial  by  reason  of  its  discussion  of 
new  processes  in  manufacturing  and  new  uses  for  the  products. 
At  the  last  meeting,  which  was  held  at  Berlin,  it  was  proposed 
that  all  mills  unite  in  publishing  circulars  and  a  magazine,  to  go 
to  the  building  trade  of  Europe,  making  plain  the  many  uses  to 
which  gypsum  plaster  may  be  put 

In  preparing  this  report  the  chief  mills  in  Thuringia,  on  the 
Rhine  and  at  EUrick  in  the  Hartz,  were  personally  visited.  Ger- 
man literature  bearing  on  the  subject  was,  as  far  as  possible, 
carefully  studied.  Out  of  date  processes  which  were  found  in 
operation  or  described  in  the  text-books  will  not  be  here  discussed. 
An  effort  has  been  made  to  make  the  report  practical  and  not 
load  it  with  matter  which  will  be  of  no  value  to  the  American 
manufacturer.  Those  who  care  to  study  the  German  industry  far- 
ther will  find  the  books  and  magazines  given  below  useful : 

1.  Der  Gips  und  seine  Verwendung,  Handbuch  fur  Bau  und 
Maurenneister,  Stuccateure,  Modelleure,  Bildhauer,  Gipsgies- 
ser,  u,  8,  w,  von  Marco-Pedrotti,  mit  45  abbildungen;  Vienna, 
Pest,  Leipsig,  A.  Hartleben's  verlag,  1901. 

2.  Handbuch  der  Baustofflehre,  fur  Architekten,  Ingenieuro, 
und  Gewerbetreibende  sowie  fur  Schuler  Technischer  Lehranstal- 
ten ;  von  Richard  Kruger,  in  zwei  banden  mit  443  abbildungen ; 
Vienna,  Pest,  Leipsig,  A  Hartleben's  verlag,  1899. 

3.  Prometheus,  Illustrirte  wochenschrift  uber  die  fortschritte 
in  Gewerbe,  Industrie,  und  Wissenschaft,  herausgegeben  von 
Dr.  Otto  N.  Wirt,  verlag  von  Rudolph  Muckenbuger,  Berlin  Xll 
Jahrgang,  1900,  Nr.  583,  584  und  602. 
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KINDS  OP  GYPSUM  PLASTER  USED  IN  GERMANY. 

In  this  report  the  kinds  of  gypsum  plaster  used  in  Germany 
will  be  first  described,  followed  by  an  account  of  the  variou* 
methods  used  in  milling  and  calcining.  Crushed  and  ground 
gypsum  in  four  distinct  forms  is  put  upon  the  market.  Thene 
are  stuck  gypsum,  estrick  gypsum,  porcelain  gyi)8um  and  dunge 
gypsum.  These  four  sorts  of  gypsum  are  prei)ared  by  diffctrent 
methods  and  are  used  for  different  purposes. 

STUCK   GYPSUM. 

By  this  name  the  Germans  recognize  gypsum  that  has  \)Getn 
heated  to  a  temperature  of  about  3(K)'  Fahrenheit  (147' 
C.)  and  has  lost  14  i>er  cent  of  its  wat^r  of  crystalliza- 
tion. It  is  ground  either  before  or  after  this  prooAiHH  of  ailcining. 
It  Is  practically  what  is  known  in  America  as  calciruKl  plaiiti^n 
In  Germany  as  in  the  United  States  stuck  gyfmum  is  ijiwkI  clii^ffly 
as  a  covering  for  interior  walls,  but  on  ar^rrount  of  fmulauumUil 
differences  in  the  ordinary  methorls  of  building  in  tho  two  ('jpun- 
tries,  the  manner  of  application  in  very  diff^fn^nt.  It  \h  fi\m  uim^J 
for  purposes  to  which  it  is  not  applied  in  the  IJniUf^J  HUiUm, 

Stuck  gypsum  i calcined  pUuter)  an  material  for  coterivfj  in- 
terior uralLs. 

1.  As  covering  for  latli,  Verj'  little  wfMMl  in  umt4  in  building 
the  walls  of  a  German  hom^t,    Tlifs  nfWi^m  for  thJ«  in  twofold ; 
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rior  walls  made  of  wooden  uprights  covered  with  lath  and  mor- 
tar, do  not  appeal  to  him  as  suitable  building  materials.    Yet  this, 
kind  of  wall  is  not  unknown  in  Germany.    When  gypsum  is  em- 
ployed in  making  mortar  to  cover  such  walls  two  parts  of  sand 
are  added  to  one  part  of  gji>sum.    No  hair  or  retarder  is  used. 

2.  Mortar  for  interior  brick  walls.*  Another  mixture  in  great 
favor  in  Germany  as  wall  plaster  consists  of  three  parts  quick 
lime,  one  part  calcined  plaster  and  one  and  a  half  parts  fine 
white  sand.  This  is  the  common  mortar  employed  to  cover  in- 
terior brick  walls,  which  are  general  in  Germany.  This  plaster 
is  often  made  smooth  by  subsequently  covering  the  surface  with 
a  coat  of  gypsum  and  lime  water,  and  nibbing  with  sandstone, 
tripoli  and  felt.    A  polished  wall  surface  is  also  secured   in   a 
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Fig.  2).     Gypsum  boards  fastened  together  With  cement  or  gypsum  rods. 

somewhat  similar  manner.  After  the  plaster  has  been  washed 
with  tlie  g\'i)sum  lime  water  mixture  and  thoroughly  dried,  it  is 
covered  bv  means  of  a  trowel  to  the  thickness  of  three  millime- 
ters  with  a  coating  of  very  fine  mortar  composed  of  lime  and 
gypsum,  to  which  ten  joer  cent  of  fine  sand  or  marble  dust  is 
added.    This  is  finally  rubbed  over  with  polishing  wax. 

3.  Mortar  for  ceilings.  Ceilings  are  made  by  using  lath  or 
wire  as  a  background  on  which  to  spread  mortar.  A  composi- 
tion somewhat  diflferent  from  that  used  for  walls  is  recommended 
for  ceilings  by  German  builders,  namely,  two  i^arts  gypsum 
and  one  part  sand,  without  any  lime.  When  laths  are  used  the 
space  between  them  is  two  and  one-half  centimeters. 

*  Baustcfflebe,  Kruger,  (Wien,  Pest,  Leipsig  a,  Harklebens  Terlag,  1899 J 
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Fig.  yo,    Gypsam  boards  nailed  or  screwed  directly 
to  wooden  uprig^hts. 


4.  Stuck  gypsum  (calcined  plaster)  as  covering  for  wire  walls. 
Stuck  gypsum,  lime  water,  hair  and  sand,  mixed  as  for  ordinary 
wall  plaster,  are  used  in  Germany  to  cover  the  wire  netting 
which  takes  the  place  of  lath.  The  wire  used  is  from  one  to  one 
and  one-tenth  millimeters  thick,  woven  with  a  two  centimeter 
mesh,  and  held  in  place  by  angle  iron  or  by  round  iron, 
with  a  diameter  of  one  centimeter.  The  gypsum  mortar  when 
hard  is  covered  with  a  wash  of  gypsum,  lime  and  fine,  clean  sand. 
Walls  so  made  are  fireproof,  are  poor  conductors  of  heat  and  oc- 
cupy but  little  space.     They  are  made  both  single  and  double. 
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Fig.  31.     A  wall  of  gypsum  boards  in  which  no  u^ti^uts  are 
used,  the  boaids  dovetailing  into  one  another. 

When  single  their  thickness  is  but  five  centimeters  and  when 
double.,  with  an  air  sjjace  between  of  five  centimeters,  each  wall 
has  a  thickness  of  three  centimeters,  making  the  total  thickness 
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of  both  walls,  with  enclosed  air  space  only  eleven  centimeters. 

The  gypsum  mortar  to  some  extent  oxidizes  the  wire.  A  cer- 
tain amount  of  such  oxidation  is  desirable  for  it  binds  the  mor- 
tar firmly  to  the  wire.  It  will  not  proceed  beyond  the  desirable 
point  if  the  wall  is  normally  dry.  For  walls  which  are  greatly 
exposed  to  moisture  some  other  fonn  of  construction  would  be 
safer. 


Special  devices  in  ivhich  calcined  plaster  (stuck  gypsum)  is 
made  into  boards  or  slabs  ivhich  are  attached  to  a  frametvork  to 
form  an  inner  {rarely  an  outer)  wall.— Vnder  this  head  are  in- 
cluded the  most  interesting  and  unique  features  of  the  manipula- 
tion of  gj'psum  in  Germany.  These  are  practically  unknown  in 
American  building  methods,'  and  tliere  are  no  English  equivalents 
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known  to  the  writer  for  the  German  terms.  In  this  report,  there- 
fore, for  the  words  g>'psdielen  and  sehulfbretter,  tlie  tenri  f^yp- 
sum  boards  will  be  used.  A  description  of  gj-jisum  iboards  as 
made  at  EHrick  will  answer  in  general  for  many  fonris  made  both 
in  Germany  and  Switzerland.  C'alcine<i  i)la8ter  (stuck  gypKuiii) 
is  mixed  with  water  and  a  certain  amount  of  sawdust.  On  an 
iron  table  with  a  heavj-  iron  top  are  laid  iron  striiw,  which  liave 
a  thickness  equal  to  that  intended  for  the  gypsum  hoard.  The 
space  enclosed  by  these  strips  also  detennines  the  length  and 
breadth  of  the  board.  Within  this  8i)aee  is  scattered  ex- 
celsior, jute  and  rushes,  and  over  these  is  poured  tlte  gj'i«am, 
water  and  sawdust  mixture.  The  rushes  and  excelsior  are  care- 
fully worked  to  the  middle  of  the  mass  by  hand.  An  iron  bar  is 
drawn  over  the  tO]>  of  the  strips,  leaving  the  surfa**  of  the  nia«B 
either  smooth  or  ridged.  It  is  allowed  to  stand  atwut  five  min- 
utes, and  then  the  iron  table  on  which  the  mass  rests  is  struck 
vigorously  two  or  three  times  with  a  heavy  raallet.  This  loosens 
the  gypsum  board  from  the  iron  plate  and  strips.  It  is  already 
so  firm  that  it  may  be  picked  up  and  earrie*!  without  injury. 
A  workman  takes  it  on  bis  shoulder  and  carries  it  iit  an  o|M!U 
shed  where  it  stands  on  end  till  dried  by  natural  heat.  The 
length  of  time  required  for  drjing  dej^nds  wholly  ui>on  the  at- 
mospheric conditions.  Artificial  heat  for  drTi'ing  gy[«um  Jjoards 
has  proven  very  unsatisfactory,  as  the  \H>arihi  so  dried  crumble 
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readily  on  eifiosnre  to  the  air.     At  Ellri  k  eht\ftn.\f.  attempt* 
to  dry  them  by  steam  heat  Lave  prove*!  failuret^. 

The  Bbenisch  Gypsindustrie  at  Hei*lell»erg  La*-  deviJHrd  ina- 
ciuiiery  by  which  g>~pgiim  boards  are  ma<Ie  with  a  mitiiiijum  of 
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hand  labor.  One  form  of  this  machine  is  shown  in  figure  33.  It 
consists  of  an  endless  belt  upon  which  are  a  series  of  strips  so  set 
that  the  spaces  between  them  and  the  belt  form  a  series  of  moulds 
of  the  size  desired  for  the  boards.  This  belt  (A)  moves  in  a  box 
(C)  on  rollers  (D)  propelled  by  the  wheels  E  and  F.  At  one  end 
of  the  box  (C)  is  a  case  (G)  in  which  the  g>7)sum  mortar  is 
placed.  It  is  fed  down  into  the  moulds  on  the  belt  as  they  pass 
beneath  the  case  (G).  By  the  time  the  filled  moulds  reach  the 
wheel  (E)  the  gypsum  boards  have  hardened  and  may  be  safely 
removed.  The  thickness  of  gypsum  boards  varies  from  three  to 
eight  centimeters.  Often  they  are  made  with  large  round  air 
spaces  within,  like  hollow  brick,  and  then  their  thickness 
reaches  twelve  centimeters,  their  length  varjing  from  five  to 
twelve  feet.  They  are  used  mainly  for  inner  walls,  being  fas- 
tened directly  to  wooden  or  iron  stringers.  When  used  for  outer 
walls  the  outer  surface  is  made  rough  while  the  material  is  still 
soft  so  that  some  protective  covering  will  adhere  to  it.  For  this 
purpose  thin  white  lime  mixed  with  one-third  gypsum  is  often 
used,  and  this  is  in  turn  covered  with  thick  white  lime  without 
gypsum.  Thin  white  limestone  covered  with  thick  lime  water, 
with  one-fifth  Portland  cement,  may  also  be  employed.  This 
outer  covering  is  never  more  than  one  centimeter  thick.  Asphalt 
paper  is  also  used  to  render  the  boards  impervious  to  moisture. 
The  accompanying  sketches,  after  drawing  in  the  Handbuch  der 
Arkitekture,  show  some  of  the  forms  of  gypsum  boards,  and 
methods  of  fastening  them  to  wooden  and  iron  uprights. 

The  weight  of  gypsum  boards  2.5  centimeters  thick  is  about 
fifty  pounds  per  square  meter,  and  for  boards  8  centimeters 
thick  about  120  pounds.  During  a  series  of  experiments  made 
at  Berlin  in  1890  it  was  found  that  a  weight  of  130  pounds  when 
dropped  from  a  height  of  six  feet  upon  the  middle  of  a  gypsum 
board  produced  a  dent  only  5  millimeters  deep.  The  shape  of 
the  weight  is  not  given  in  the  description  of  the  experiment.' 
The  gj^psum  boards  possess  considerable  elasticity'.  Their  abil- 
ity to  withstand  pressure  is  shown  in  the  following  table: 

*  Kru8^*r,  Baufttofflcbre,  II,  p.  47. 
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THICKNESS  OF   GYPSUM 
BOARD 

DISTANCE  OF  POINT  AT  WHICH  PRESSURE  WAS  APPLIED 

FROM  POINT  WHERE  GYPSUM  BOARD  WAS 

SUPPORTED,   IN  METERS. 

0.75 

1  00 

1.25 

1.50 

1.75 

2.00 

2.25 

2.50 

• 

WEIGHT  IN  POUNDS  SUPPORTED  BY  EACH  SQUARE 

METER. 

3  Centimeters 

160 

300 

300 

950 

1800 

2500 

100 
140 
250 
550 
1040 
1420 

70 
130 
350 
660 
900 

250 
464 
620 

180 
340 
460 

260 
2  0 

202 
250 

4  Centimeters 

5  Centimeters 

7  Centimeters 

10  Centimeters 

12  Centimeters 

226 

Gypsum  boards  are  also  made  with  both  sides  hardened  and 
made  smooth  by  oil.  These  are  used  chiefly  where  the  walls  are 
to  be  papered  at  once. 

Another  fonn  of  board  which  is  highly  recommended  has  a 
paper  center.  Heavy  sheet  paper  is  suspended  in  the  center  of 
moulds  and  about  this  the  gj^psum  plaster  is  poured.  This  ex- 
pands on  hardening  and  the  pressure  so  produced  causes  an  in- 
timate union  between  the  paper  and  plaster.  The  moulds  are 
made  with  readily  detachable  sides,  and  the  boards  when  har- 
dened are  easily  removed.  Moulds  are  usually  made  so  that  a 
number  of  boards  may  be  cast  at  the  same  time. 

In  similar  moulds  are  made  the  hollow  boards  and  all  the 
thicker  forms  made  with  reeds  or  paper. 

An  excellent  substitute  for  reeds  and  paj)er  would  probably  be 
found  in  the  com  stalk,  or  some  product  derived  from  it. 

Stuck  gypsum  {calcined  plaster)  as  construction  material  for 
building  ornaments.— Figures  and  reliefs  are  characteristic  of 
German  architecture.  When  not  made  out  of  stone  these  orna- 
ments consist  of  cement  and  gypsum.  Gypsum  ornaments  are 
hardened,  colored  and  made  so  weather  proof  that  only  ciose  ex-, 
amination  reveals  the  fact  that  thev  are  not  made  out  of  solid 
material.  The  gj^Dsum  figures  and  reliefs  cost  but  a  small  frac- 
tion of  the  sum  which  would  be  re^juired  to  produce  the  same 
ornaments  in  the  stone  which  they  so  skillfully  simulate.  The 
ornaments  are  cast  in  moulds  of  wood,  metal,  clay,  g>'i>sum  or 
lime.    If  the  ornament  is  simple,  the  mould  may  be  in  a  single 
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piece,  but  if  complicated  the  mould  is  made  of  a  number  of  easily 
detachable  pieces.  The  fact  that  gj^psum  expands  on  hardening, 
filling  all  of  the  interstices  of  the  mold,  renders  it  a  most  valu- 
able material  for  making  casts. 

Extremely  hard  figures  capable  of  taking  a  polish  may  be 
made  by  subjecting  the  gj^psum  to  steam,  then  filling  the  form 
with  the  steamed  plaster  (stuck  gypsum)  and  submitting  the  form 
to  hydrostatic  pressure.  Otlier  methods  of  hardening  figures  will 
be  described  later. 

As  protection  against  the  weather  the  following  processes  are 
recommended :  warm  the  gypsum  object  and  rub  the  surface  with 
a  mixture  of  three  parts  linseed  oil  varnish  and  one  i>art  white 
wax ;  or,  impregnate  the  surface  with  sulphur  balsam,  consisting 
of  fat  oil  in  which  sulphur  has  been  dissolved  (for  instance,  lin- 
seed oil  at  KiO-^^  C.  and  10  per  cent  of  sulphur).  Another 
mixture  highly  recommended  for  protecting  the  surface  of  gyp- 
sum building  ornaments  is  three  parts  of  linseed  oil,  lead  oxide 
equal  to  one-sixth  the  weight  of  the  linseed  oil  and  one  part 
wax.  Or  the  surface  may  be  bronzed  and  otherwise  protected 
with  metal  coatings. 

Mixtures  containing  gyi>sum  which  are  recommended  for  or- 
namental purix)ses  are:  One  part  gj'psum  plaster  and  one  part 
lime;  four  parts  gypsum,  three  parts  white  chalk  or  lime,  and 
one  part  fine  sand.  For  white  ornaments  one  part  fine  gypsum 
plaster,  two  parts  white  chalk,  with  a  limited  amount  of  lime 
water;  for  gray  figures,  a  mixture  of  gj'psum  plaster  with  fine 
coal  dust.  The  latter  mixture  gives  a  considerable  degree  of 
hardness,  but  when  objects  made  from  it  are  exposed  to  moisture 
and  frost  they  fall  to  pieces. 

Stuck  gypsum  {calcined  plaster)  used  to  produce  effect  of 
irory.— The  fine  white  gj'psum  powder  is  heated  and  mixed 
with  paraffin  which  has  also  been  heated  to  65^  to  70^  C.  The 
mass  is  taken  out  and  any  extra  i^araffin  drained  off.  If  the  gj^p- 
sum  contains  colored  impurities  they  are  made  all  the  more  con- 
spicuous by  the  oil.  A  more  vivid  color  may  be  given  the  mass 
by  adding  coloring  matter  to  the  paraffin. 

Stuck  gypsum  (calcined  plaster)  used  in  snaking  artificial  rnar- 
ble.— The  ingredients  are  gypsum,  finely  sieved  and  burned  lime- 
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stone,  and  coloring  matter.  Lime  is  used  in  only  limited  quan- 
tities and  its  function  is  simply  that  of  a  retarder  so  that  the 
mass  may  not  set  within  thirty  minutes.  The  mass  is  worked 
up  in  a  ball,  the  coloring  matter  being  worked  through  in  streak*?, 
like  the  veins  in  marble.  The  ball  is  cut  with  wire  into  slabs, 
which  are  placed  at  once  ujDon  the  wall  or  over  the  surface  to  b*» 
covered.  When  the  surface  has  hardened  it  is  smoothed  with 
pmnice  and  rubbed  with  a  thin  solution  of  gj^psum,  which  closes 
any  pores.  It  is  then  rubbed  with  tripoli  and  olive  oil  and  finally 
polished  with  a  woolen  cloth.  Earth  colors  are  suitable  for  this 
purpose,  and  also  any  used  by  the  frescoers  which  are  not  de- 
stroyed by  lime.  A  great  many  processes  for  producing  marble- 
like  effects  with  gypsum  plaster  have  been  patented  in  Europe. 
One  of  the  most  recent  was  issued  to  Pietro  Viotti.  In  this  pro- 
cess 1500  grams  of  borax  and  150  grams  of  magnesia  are  fused 
together,  and  when  cool  mixed  with  seventy-five  kilograms  of 
gypsum. 

Other  imifatiou  marbles  and  hard  eemertts  in  which  stuck 
gypsum  (calcined  plaster)  is  used.— The  following  cements,  in 
which  gyi^smu  is  the  chief  ingredient  are  alike  in  their  essential 
properties.  They  are  usually  liard,  durable,  unifonn  in  stiiicture, 
set  slowly  and  take  a  high  polish.  They  may  be  fastened  in  thin 
slabs  to  nearly  any  kind  of  background,  do  not  crack  in  dr>'ing 
and  admit  of  an  admixture  of  coloring  matter  without  loss  of 
strength.  They  stand  in  hardness  about  one-half  way  Wtween 
Portland  cement  and  ordinar\'  stucco. 

1.  Keene's  cement  or  English  white  cement  is  a  slow  setting 
alum  gypsum.  Gypsum,  preferably  a  white  variety,  unground, 
is  burned  at  a  red  heat,  then  soaked  in  an  alum  solution,  burned 
a  second  time  at  a  red  heat,  and  then  finely  ground.  When  use  J 
it  is  mixed  with  an  alum  solution.  If  it  is  used  with  2(»  ]>er  cent 
water,  it  has  a  tensile  strength  of  seventj'  ix>unds  and  a  crush- 
ing strength  of  8(>0  pounds  per  square  centimeter. 

2.  Parian  cement  consists  of  44  parts  stuck  g>'[>6um  (<raJcined 
plaster)  and  one  part  calcined  borax.  The  gypsum  is  saturated 
with  water  having  the  borax  in  solution  and  burned  at  a  red  heat 
It  sets  slowlv  and  dries  in  five  or  six  hours.  It  is  used  as  a  cov- 
ering  for  both  inner  and  outer  walls  and  may  be  painted  or  cov- 
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ered  with  paper.    It  should  be  mixed  with  as  little  water  as  pos- 
sible, and  must  not  come  in  contact  with  fresh  lime. 

3.  Scagliola  is  a  mixture  of  finely  burned  gypsum,  ground 
selenite  and  lime-water,  often  made  into  slabs  and  used  for  wall 
decoration. 

a 

4.  German  marble  cement  is  like  Keene's  cement^  but  pos- 
sesses greater  hardness,  having  after  four  weeks  a  tensile 
strength  of  ninety-six  pounds  and  a  crushing  strength  of  850 
pounds  per  square  centimeter,  when  made  up  with  20  per  cent  of 
water.  It  is  used  for  the  most  part  for  outside  facades,  and 
must  be  protected  on  the  weather  side  against  rain  by  a  coating 
of  varnisli.  It  is  made  by  the  Walkenruder  Gyps  Fabrik  at  Wal- 
kenried  in  the  Hartz. 

ESTRICK  GYPSUM. 

Estrick  gj'psum  differs  materially  from  gypsum  plaster  of  any 
form  known  in  America,  both  in  its  properties  and  method  of 
preparation,  unless  the  ** secret  process"  used  in  the  Best  Broth- 
ers mill  in  Kansas  produces  it.  The  German  name,  therefore, 
for  this  sort  of  gj^psum  plaster  will  be  used  in  the  following  de- 
scription. In  preparing  estrick  gj^psum,  gj^psum  rock  is  heated 
for  a  number  of  hours  at  a  temperature  in  the  neighborhood  of 
500  ^  C,  in  a  kiln  which  will  be  described  later.  It  is  ground  coarse, 
and  when  mixed  with  water  witliout  any  admixture  of  sand  or 
coal  ashes,  it  very  slowly  sets  and  forms  an  extremely  hard  mass. 
Its  hardness  makes  it  a  suitable  material  for  floors,  taking  the 
place  of  Portland  cement  and  often  rendering  better  service. 

Floors  made  of  estrick  gj^psum  have  as  a  bedding  sand,  coal 
ashes,  brick  or  wood. 

Estrick  gypsum  reaches  its  full  hardness  only  when  allowed 
to  dry  protected  from  moisture,  and  for  this  reason  cai'e  must 
be  taken  to  secure  a  proper  foundation.  Cracks  will  appear  if 
it  dries  unevenly  or  very  rapidly  and  in  this  case  the  surface 
must  again  be  covered  witli  water  till  it  is  soft  and  the  cracks 
close.  The  mass  must  then  dry  again.  After  standing  about 
twelve  hours  and  becoming  fairly  hard,  it  is  pounded  with 
wooden  mallets  and  smoothed  with  trowels.  The  pounding  ma- 
terially increases  the  hardness.     In  German  texts  on  building 
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material,  estrick  gypsum  is  especially  recommended  as  floor 
material  for  factories,  kitchens,  granaries,  store  rooms  and,  when 
suitably  colored,  for  bathrooms  and  hospitals. 

Pure  estrick  gj^psum  is  considered  best  for  these  purposes, 
but  if  for  economy  tliis  is  impossible,  one-third  pure  quartz  sand 
or  coal  ashes  may  be  used.  With  estrick  gypsum  marble  may  be 
imitated  and  a  very  hard  as  well  as  ornamental  stone  is  the  re- 
sult It  may  be  polished  with  sand  or  sandstone,  then  with  pum- 
ice and  water.  After  rubbing  with  wax  dissolved  in  alcohol,  it 
is  polished  again  with  stiff  brushes. 

An  addition  of  Portland  cement  to  the  estrick  gj'psum  has  at 
times  been  recommended  to  increase  the  hardness.  This,  how- 
ever, is  generally  regarded  as  useless. 

A  cubic  meter  of  hardened  estrick  gypsum  weighs  about  2,000 
pounds. 

The  following  methods  of  applying  estrick  gypsum  to  floors 
is  recommended  by  German  authors.  A  bedding  of  sand  5  cen- 
timeters thick  is  first  laid  down.  If  sand  is  expensive,  this  may 
be  reduced  to  3  centimeters.  On  this  the  estrick  gypsum  moi- 
tar  is  spread  to  a  thickness  of  3  centimeters.  In  preparing  the 
gypsum  mortar  a  box  about  1.8  meters  long,  1.2  wide  and  0.4 
high  is  used.  In  this  box  the  gjT)sum  is  mixed  with  water  till  a 
thick  mortar  is  formed.  The  water  is  placed  in  the  box  first  and 
into  it  the  gypsum  is  poured.  The  gypsum  mortar  so  made  is 
laid  on  the  sand  foundation  in  the  following  manner.  At  a  dis- 
tance of  three  feet  from  one  of  the  walls  a  wooden  strip  in  thick- 
ness equal  to  that  of  the  desired  estrick  layer,  is  placed  parallel 
to  the  wall.  Between  this  and  the  wall  the  gypsum  plaster  is 
poured.  After  the  water  in  the  mortar  has  in  part  soaked  into 
the  sand  and  in  part  evaporated,  the  mortar  is  rubbed  over  with 
a  steel  bar  and  partially  smoothed.  Perhaps  an  hour  later  it  is 
rubbed  over  again  and  made  still  smoother.  Then  the  wooden 
strip  is  removed  to  a  distance  of  three  feet  and  the  process  re- 
peated. The  edge  of  the  part  previously  prepared  is  beveled  or 
hollowed  so  that  the  new  strip  may  lap  over  it  and  become  defi- 
nitely a  part  of  the  one  already  made.  At  the  end  of  twenty-four 
hours  the  floor  will  be  so  hard  that  the  foot  of  an  adult  makes  no 
dent  in  it  It  is  then  vigorously  tamped  till  water  again  appears 
on  the  surface.    Finally  it  is  smoothed  with  a  steel  bar. 
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For  floors  of  dwellings  a  thickness  of  3  centimeters  for  the 
gypsum  covering  is  regarded  as  sufficient.  For  granaries  5  cen- 
timeters is  recommended.  For  one  square  meter  of  estrick  floor,  3 
centimeters  thick,  103  pounds  of  gypsum  are  sufficient.  In  Ger- 
many the  cost  of  a  square  meter  of  sand  5  centimeters  thick  is  esti- 
mated at  three  cents,  the  gj^psum  for  a  3  centimeter  coating  at 
twelve  cents,  and  labor  at  eight  cents,  making  a  total  cost  per 
square  meter  of  twenty-five  cents,  or  about  twenty-two  cents  per 
square  yard. 

Mortar  for  inasonry,— That  g\-psum  will  furnish  an  extremely 
durable  mortar  under  certain  conditions  is  fully  recognized  in 
Gennany.  Many  old  castles,  towers  and  walls  tiiat  are  well  pre- 
served today  are  held  together  by  gypsum  mortar.  An  example 
often  referred  to  in  German  literature  on  gj'^psum  is  Walkenried 
in  the  Hartz.  In  this  same  district,  where  gypsum  is  very  abund- 
ant, tall  chimneys  for  factories  are  constructed  with  gypsum 
mortar.  An  inner -lining  of  fire  brick  is  essential,  as  well  as  an 
outer  wall  of  regularly  set  stone.  Between  these  rocks  are  placed 
irregularly  and  over  them  gypsum  mortar  is  poured,  filling  the 
spaces  between  the  blocks.  The  mortar,  which  is  formed  of  two 
parts  gypsum  and  one  part  sand  and  one  part  soft  water,  is  not 
used  for  the  foundation  of  such  chimnevs  for  it  crumbles  wher- 
ever  it  is  continually  exposed  to  moisture. 

In  the  German  texts  which  treat  of  g}^i)sum,  for  instance 
Kruger's  Baustofflehre,  estrick  is  recx)mmended  unconditionally 
for  masonrj^  and  its  ability  to  withstand  the  weather  is  positively 
affirmed.  The  manufacturers  who  were  consulted,  on  the  other 
hand,  indorsed  it  chiefly  for  interior  work. 

Mack's  gj'psum  cement  consists  of  estrick  gypsum  to  which  0.4 
per  cent  calcined  Glauber's  salts  (Na,  SO4)  or  potassium  sulphate 
(K,  SO4)  have  been  added.  This  cement  is  unusually  hard  and 
durable,  sets  quickly  and  unites  minutely  with  the  material  on 
which  it  is  placed.  It  is  used  as  a  covering  for  wire  mesh  on  walls 
and  ceilings  as  well  as  for  floors  and  may  be  mixed  with  sand  or 
ashes.  Its  surface  is  but  slightly  porous  and  for  this  reason  ab- 
sorbs but  little  oil  when  covered  with  paint. 
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rORCELAIN  GYPSUM. 

In  the  German  porcelain  industry  great  quantities  of  pr>Tsum 
are  used.  It  is  prepared  in  a  special  manner  and  has  properties 
diflfering  from  those  of  other  varieties  of  gj^psum.  It  is  ground 
exceedingly  fine,  and  after  setting  is  much  lighter  than  ordinary 
wall  plaster  or  stucco,  and  is  much  more  porous.  On  account  of 
this  latter  property  it  is  particularly  adapted  to  the  part  assigned 
it  in  the  porcelain  industry.  Nearly  every  piece  of  porcelain  re- 
ceives its  shape  in  a  mould,  which  may  be  made  out  of  clay,  wood, 
wax  or  metal,  but  for  most  of  them  gj^psum  is  used.  Its  j^eculiar 
property  of  drawing  out  the  water  from  the  surface  of  the  clay 
gives  gypsum  special  value  for  this  purpose.  Although  the  sur- 
face of  the  gypsum  moulds  is  made  as  hard  as  possible  by  rub- 
bing with  oil,  the  sharp  edges  necessary  to  insure  accurate  casts 
wear  off,  and  from  time  to  time  tlie  mould  must  be  discarded  and 
replaced  by  a  new  one  which  is  made  from  an  original  clay 
model.  A  hundred  imprints  may  be  made  from  an  ordinary  gyp- 
sum mould.  If  the  f)attem  is  intricate  the  number  is  less.  Thus 
a  single  porcelain  factory  consumes  a  great  quantity  of  gypsum 
and  many  mills  are  engaged  in  supplying  gypsum  for  this  indus- 
try alone.  The  chief  centers  of  the  porcelain  industry  are  about 
Dresden  and  in  Thuringia. 

DUNGE  GYPSUM  (LAND   PLASTER  ) 

Dunge  g>'i)sum  is,  as  the  German  name  implies,  gy))sum  pre- 
pared for  use  as  a  fertilizer.  As  in  America,  gypsum  for  this  pur- 
pose is  merely  ground,  and  not  calcined.  Considerable  <iuantities 
are  so  used  in  Germanv. 

PROCESSES  OF  MANUFACTURING  THE  VARIOUS  SORTS  OF   GYPSUM 

PLASTER  USED  IN  GERMANY. 

Germany  has  no  novel  methods  for  mining  or  quarrj-ing  gyp- 
sum and  transporting  it  to  the  mill.  In  Thuringia  and  the  Hartz 
the  mineral  occurs  in  great  hills  where  no  stripping  is  required. 

In  the  picture.  Fig.  34,  the  hill  on  the  right  is  composed  wholly 
of  gj'psum.  At  various  points  on  the  Rhine  gypsum  is  mined. 
Tramways  and  endless  conveyors  carry  it  in  large  fragments  to 
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the  miil.    Here  it  is  treated  in  various  ways,  depending  on  the 
nature  of  the  product  desired. 


MANUFACTURE  OF  G 


;UM  PLASTER   (STUCK  G 


A  great  deal  of  gjpsum  plaster,  especially  of  the  finer  sorts, 
is  prepared  by  the  same  processes  which  are  used  in  making  porce- 
lain i>laster.  These  will  be  described  farther  on.  In  all  other 
processes  the  gj'psum  is  ground  before  calcining.  Prelinainary 
pulverizing  is  doae  in  crushers  and  nipi}ers  of  the  Blake  pat- 
tern, as  in  America.  For  the  final  fiae  grinding  machines  of 
various  sorts  are  used. 

Grinding.— 1,  As  in  America,  most  of  the  g>'psura  is  ground 
between  burr  stone  mills.  These  mills  are  of  two  patterns ;  in  one 
the  stones  are  placed  in  a  horizontal  position  and  in  the  other 
they  are  vertical.    The  vertical  mills  are  smaller  in  diameter  but 
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rotate  with  great  siieed,  are  of  lai^  capacity  and  are  cheaper 
than  the  horizontal  mills.  They  are  more  generally  used  than 
the  latter  and  are  regardetl  by  some  nianufaotun>i"s  as  Ix'tter 
fitted  for  fine  grinding.  This  statement  is,  liowever,  not  undis- 
puted. 


Fig.  85.     TiTtl«a 


2.  At  Krolpa  in  Thuringia  an  American  roller  mill  of  the 
pattern  used  for  flour  is  employed  in  one  instance,  and 
the  owners  reported  that  it  gave  satisfaetorj-  results.  In  the  same 
mill  also  a  disintegrator  of  the  Stedman  tyi*  was  in  use.  The 
latter,  however,  had  been  tried  by  other  manufacturers  in  the 
Thuringia  district  and  discarded. 

CALCINING  OF  STUCK  GVP5UU. 

At  least  three  distinct  processes,  all  regarded  as  successful, 
must  be  described  under  this  heading.    In  addition  to  these  it 
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will  be  nseful  to  outline  other  processes  which  have  been  nsed 
in  Germany,  but  which  have  not  proven  wholly  satisfactory.  The 
successful  processes  are:  1,  Calcining  in  kettles;  2,  calcining 
continuously  in  rotary  kilns  of  the  Mannheim  type ;  3,  calcining 
in  evens,  eitlier  individual  or  continuous. 

1.  Calcining  in  kettles.— The  Geiman  calcining  kettle  consists 
of  a  sheet  metal  cylinder  six  feet  in  diameter  and  three  feet  high. 
The  bottom  is  flat  and  through  the  cylinder  extend  no  flues  as  in  the 
American  kettle  of  the  same  tj'pe.  This  kettle  issetinsolidmasonry 
directly  on  a  furnace.  Usually  a  battery  consisting  of  three  ket> 
ties  set  up  together  in  a  series  is  employed.  Firing  is  generally 
accomplished  by  automatic  stokers.  Each  kettle  is  charged  with 
from  one  to  two  tons  of  gypsum,  and,  while  calcining,  the  mate- 
rial is  agitated  by  means  of  a  device  resembling  a  steamship  pro- 
peller, the  blades  of  which  extend  horizontally  across  the  lower 


part  of  the  kettle.    It  is  rotated  by  a  shaft  connected  directly  by 
gearing  to  the  line  shafting  above. 

The  kettles  discharge  into  a  cooling  room  which  is  connected 
by  means  of  automatic  carriers  with  bins  located  above  the  sack- 
ing rooms,  and  also  with  a  room  in  which  the  dust  arising  from 
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the  cooling  gypsum  is  allowed  to  settle.  The  kettles  are  also  con- 
nected with  this  dust  chamber.  Through  this  chamber,  there- 
fore, all  of  the  steam  given  off  in  the  process  of  calcination  is 
obliged  to  pass  and  great  quantities  of  finely  divided  gypsum, 
which  would  ordinarily  pass  off  into  the  open  air  with  the  steam, 
are  caught  The  material  collected  in  the  dust  chamber  is  re- 
moved automatically  by  means  of  a  spiral  conveyor. 


Fig.  37.    Sketch  showing  coDnections  between  A.  calcining  Icettle, 
B.  cooling  room,  and  C.  dust  chamber. 

2.  The  Mannheim  continuous  process  using  rotating  cylin- 
ders.—The  mill  of  the  Rhenish  Gypsum  Company,  located  near 
Mannheim,  is  so  interesting  that  it  will  be  well  to  describe  it 
rather  minutely  at  this  point  in  connection  with  its  unique  cal- 
cining machiner\\ 

Mannheim  is  situated  on  the  middle  Rhine,  fifteen  miles  north- 
west of  Heidelberg.  The  works  of  the  Rhenish  gj^psum  industrj" 
are  located  in  the  village  of  Wildhof,  about  four  miles  north  of 
the  city.  The  plant  is  modem  and  fireproof  throughout.  The 
roof  of  the  building  is  made  of  gj^psum  boards  covered  on  the 
outside  with  asphalt,  the  inner  walls  are  made  of  the  same  mate- 
rial, while  the  floors  are  made  out  of  estrick  gjT^sum.  In  this 
mill  fine  grinding  of  the  gypsum  is  postponed  till  after  calcining. 
When  the  material  comes  from  the  crushers  and  nippers  it  varies 
in  size  from  the  finest  powder  to  fragments  as  large  as  an  ordi- 
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nary  hickory  nut    Varying  thus  in  size,  the  material  goes  direct- 
ly to  the  ealciner. 


The  ealciner  consists  of  a  fire  box  with  an  automatic  stoker, 
which  is  placed  in  front  of  and  connected  wltli  a  chamber  con- 
taining a  rotating  cylinder.  Above  this  cylinder  is  a  chambei 
called  the  forewarmer,  through  which  a  spiral  conveyor  passes, 
from  end  to  end.  A  pipe  leads  from  the  rotating  cylinder  to  the 
forewarmer,  and  connects  at  the  other  end  with  the  chimney. 
Connected  with  the  fire  box  is  a  fan  by  which  a  forced  draft  i's 
secured.  In  the  figure  this  fan,  instead  of  being  connected  with 
the  fire  box,  is  shown  connected  with  the  lotar;'  cylinder.  The 
fire  box  is  heated  to  a  high  temperature,  and  the  draft,  forced  by 
the  fan,  passes  through  the  rotating  cylinder,  and  tlien  through 
the  forewarmer.  The  gypsum  is  conveyed  by  bucket  elevators 
from  the  crushers  to  a  bin  above  the  ealciner  and  thence  it  flows 
under  the  influence  of  gravity  into  the  forewanner,  through  whicli 
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it  is  carried  by  the  spiral  conveyor.  It  then  falls  direcUy  inU) 
the  rotary  cylinder  below.  Shelves  or  btickets  on  the  inside  of 
this  cylinder  pick  up  the  material  and  elevate  it  as  the  cylinder 
ratates.  When  the  material  nears  the  top  the  slant  of  thrt  shcfiveik 
is  so  great  that  it  falls  again  to  tlie  bottom.  This  firoc^tss  of  rais 
ing  the  gypsum  and  allowing  it  to  fall  is  constantly  n^inmUtflf 
the  strong  draft  of  hot  air  passing  through  the  cyli  nd'tr  from  l\u* 
fire  box  strikes  the  gjpsum  as  it  falls  from  U)i>  U)  \><)i\oui  and 
moves  the  fragments  toward  the  rear  with  a  vehKrify  din?'ftly 
proportional  to  their  size.  The  coarser  matr;rial  movers  murfh 
more  deliberately,  and  thus  is  exfKiserl  U)  tlie  hr*at  longer  thntt 
tbe  finer  and  more  readily  calcined  particles.  In  this  way,  though 
the  material  entering  the  rotating  c>iinder  varies  gnratly  in  fiwr 
jtesSj  the  finer  is  not  **dead  bume^l^^  and  the  ('jfurmtt  in  sufficiently 
calcined.  All  of  the  heat  has  not  been  exhaust/fd  from  the  air 
in  passing  through  the  rotarj'  cylinder,  and  this  is  for  tfie  rnfm', 
part  saved  by  forcing  the  air,  after  it  leaves  the  cylinder  throuirh 
the  forewarmer.  In  this  process  the  heat  ih  s/i  ^tffmiAfiU^lv  rjlilize^l 
tiiat  the  air  and  fuma/!e  gases  fjass  Vp  tlie  chimn^/  with  a  Ufth- 
perature  of  only  SO'  C.  Betwe<-n  the  fore%'Hnn^fr  and  tJ^f 
riiimmpy  the  dust  chamber  is  sitnate^l.  Here  ail  of  tfii^  fifi/^r  j/ar- 
tides  are  allowed  to  settle  and  tbe  air  j^aA*^  ^>fi  t//  th^  chirrifM^ 
praetieally  free  from  dust.  No  gj'pife^om  wa%  Mr^i  al^/fjt  tfi^  oiit- 
side  of  the  mill*  and  tfc^  roof  showed  n^/  tra/^e  of  d«*^,  wfail^ 
vidiin  everything  wa*  dost  fre^  e3:^5ej>t  tii^  ffrin^lfi^c  itfiA  ^nh/ikU*^^ 
rooiES.  To  cal-ciL^  oii^^^  tot:  of  gvp^tnrr.  by  thij^  M;2i^r,;>f*fr.  uj^ijA 
experieikeiEr  Las  'ic-r.<^!L*trated  t/jat  or.  t?>:  z'^'^.f>^^,  f;u;':  Vf'  i/r.tAk 
o€  laiber  inferior  'it-rrr^Iryv-i*  ^^r/il  1*  re^.'i.^e^i.  Ar.  ;aL-.V/r;jjtf>; 
i«Of*fcT  iTrfiS^ite!^  f:f,zj<rjiz^,rf  tii^  rjejsut  ^f  v>:  rf>.r/  ^i-;  ,\:j%f<r .  zxA 

^MnsiZ  cue  *^rr:  'z^jf-fi^.  "vf  '^y^zS,:,^.    Vr.^,:.  \zj^,  r/J:.rf  ^^^,,tr>:f 
the  gj-pfe-iTL  i%  sjKsIr.  ^j^^^.  V/  v>r    frr/r    ^V,^  >.    *,v:    ;4fciw« 

*     »— 'l'*-*,"      w  IF  — 'i?-'/' -»^     TOT-  '.V         '.jk     *,;•  •-•- !•  "f-V-*^      V  *A       >        1fi^>'-' 

ifijT  5$  ^^janr'^:  -.7  r:>r  f>^^  i-ii-:  *:ur  r*ftr  r->f*  v,  Vj*:  -^yr^^ik.. 
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1.  For  economy  of  fuel ;  the  amount  of  coal  consumed  is  only 
one-half  that  required  for  calcining  with  cylindrical  kettles. 

2.  The  continuity  of  operation  greatly  reduces  the  amount 
of  hand  labor. 

3.  The  fact  that  the  gj^psum  is  finely  ground  after  calcining 
results  in  a  great  economy  of  power.  The  stones  of  the  burr 
mills  also  wear  much  longer  and  need  to  be  dressed  but  seldom. 
The  saving  due  to  these  facts  is  considerable. 

Before  the  Mannheim  system  is  introduced,  however,  it  should 
be  determined  carefully  that  tlie  gypsum  is  as  uniformly  calcined 
as  by  the  present  American  methods.  So  far  as  Germany  is  con- 
cerned, it  has  been  demonstrated  that  the  calcining  is  uniform 
enough  to  satisfy  the  demands  made  by  the  German  builder. 
The  American  mason,  however,  may  require  a  finer  product  than 
the  German.  A  limited  amount  of  soot  also  settles  in  the  gypsum 
and  it  is  slightly  coated  with  calcium  sulphide,  due  to  the  reac- 
tion of  the  sulphur  always  present  in  the  coal  on  the  gypsum.  For 
ordinary  building  i>uri30ses,  however,  these  do  not  injure  the 
quality  of  the  gypsum. 

3.  Calcining  u'ith  either  individual  or  continuous  ovens.— 
This  process  is  used  also,  and  even  more  commonly,  in  calcining 
porcelain  gypsum,  and  will  be  described  later  under  that  heading. 

4.  Other  devices  for  calcining  that  have  been  tried  more  or 
less  successfully  in  Crermawt/.— Calcining  with  superheated 
steam.*  A  method  of  calcining  by  steam  called  Violett's 
method  from  its  inventor,  is  commended  by  some  Ger- 
man technical  experts  and  discouraged  by  others.  The 
method  in  Germany  is  very  new,  and  was  not  found  in  oper- 
ation in  any  of  the  mills  personally  visited.  Theoretically  all 
agree  that  the  principle  used  by  Violett  is  excellent.  At  the  last 
meeting  of  the  (Jennan  gypsum  association  this  and  similar  pro- 
cesses in  which  sui>erlieated  steam  is  used,  were  discussed,  and 
while  all  agreed  that  the  qualit>^  of  the  plaster  so  produced  was 
most  excellent,  some  of  those  present  argued  that  this  excellence 
was  secured  at  too  great  an  expense  of  fuel.  When  gypsum  is 
calcined  with  superheated  steam  there  is  very  little  danger  of 
**dead  burning.''     A  sufficient  and  uniform  temperature  may 

*  Gips  and  feme  V^rwenduog,  von  Marco  Pedrotti,  p.  48.    Prometbeui  Nr.  583* 


CALGIMKO    OF    PORCELAIN    OYPSUU.  217 

easily  be  maintaiDed.  The  product  is  not  discolored  by  soot  as 
in  the  Mannheim  process.  Cheapness  is  claimed  for  it  also  by 
Pedrotti." 

Steam  at  one-half  an  atmosphere  pressure  is  used  and  at  a 
temperature  of  140^  to  150°  C,  It  is  generated  in  an  ordinary 
boiler  and  superheated  in  a  coil  of  pipes.  The  gypsum,  unground 
and  in  rather  large  pieces,  is  stacked  in  egg  shaped  ovens  which  are 
capable  of  resisting  a  moderate  amount  of  pressure  from  within. 
Throngh  these  ovens  the  superheated  steam  circulates.  The  gyp- 
sum is  calcined  in  six  hours.  By  the  combination  of  a  number 
of  ovens,  which  are  heated  by  one  boiler  plant,  certain  ovens 
may  be  charged  while  others  are  being  emptied,  and  the  process 
is  made  continuous.  Pedrottif  and  Krugerjclaim  that  by  this 
proeesB  one  ton  of  gypsum  may  be  calcined  at  the  expense  of  110 
pounds  of  bituminous  coal.  Professor  I.*chner{^  makes  the  criti- 
cism that  the  apparatus  as  now  in  use  often  gets  out  of  order  and 
for  this  reason  has  not  been  found  economical.  Other  calciners 
which  are  practically  obsolete  are  described  by  Pedrotti. 

The  calcining  of  porcelain  gypsum.^ A.\\  agree  that  the  porce- 
lain industry  demands  a  gypsum  that  has  been  most  uniformly 
homed  and  ground.  Gypsiun  which  will  be  readily  accepted  by 
the  builder  will  not  serve  the  purpose  of  the  modeler.  Tradition, 
apparently  more  than  anything  else,  leads  certain  gypsum  cal- 
ciners to  adhere  to  extremely  exjjensive  and  ancient  methods  in 
calcining  porcelain  gj'psum.  Ovens  like  those  employed  by  the 
baker  in  which  the  gypsum  is  agitated  by  long  pokers  are  still 
used.  It  is  generally  admitted,  however,  that  this  method  is  not 
necessary  to  produce  a  plaster  of  the  quality  desired.  Most  of 
the  porcelain  gypsum  is  at  present  burned  in  a  more  inexpensive 
manner.  Mnch  stuck  gj'psum  (gj-psum  plaster)  is  also  calcined 
in  the  same  way. 

Long  rooms  with  thick  walls  are  constructed  out  of  brick. 
These  rooms  have  a  lieifiht  of  seven  feet  and  are  built  above  a 
furnace.  On  the  floor  of  the  room  and  extending  out  for  some 
distance  in  front  of  it  is  a  car  track.    Cars  three  feet  wide,  carry- 
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ing  a  rack  with  five  or  more  shelves  quite  like  the  cars  used  in 
America  in  brick  driers,  are  loaded  with  gypsum  and  run  into 
the  rooms.  The  gypsum  is  previously  crushed  but  not  ground, 
the  fragments  varying  in  diameter  from  an  inch  to  one-fourth  of 
an  inch.    The  shelves  are  loaded  ^nd  unloaded  by  hand. 


Ibe  fineil  gtuit  ol  will  [iIbs- 


The  smoke  and  gas  from  the  furnace  do  not  enter  the  room  con- 
taining the  gypsum,  but  pass  through  the  walls  in  flues.  From 
thirty  to  thirty-six  hours  are  required  for  calcining.  The  room 
is  kept  at  a  unifonn  temperature  of  140"  C.  and  long  tliennonie- 
ters  inserted  through  the  walls  and  reading  on  the  outer  walls, 
indicate  the  heat  within  at  any  time.  An  ordinarj'  oven  is  emp- 
tied three  times  a  week  and  furnishes  each  time  eight  to  nine  tons 
of  calcined  gypsum.  An  effort  is  made  to  change  the  cars  quick- 
ly so  that  tlie  heat  of  the  oven  may  not  be  lost.  Kruger*  claims 
that  a  ton  of  gypsum  may  be  calcined  in  these  ovens  with  121' 
pounds  bituminous  coal,  but  this  estimate  seems  entirely  too  low. 

The  Bock  kiln  for  the  continuous  burning  of  brick  is  used  also 
in  Germany  for  calcining  gj'psum.f  It  consists  of  a  straight 
chaml)cr  liJO  to  180  feet  long.  Through  this  chamber  runs  a  track 
on  which  is  placed  a  series  of  wrought  iron  wagons  loaded  with 
gypsnm.  In  this  tunnel  under  tlie  track  a  fire  is  made  which  is 
confined  to  the  center  of  the  chamber,  so  that  the  cars  freshly 
loaded  are  gradually  warmed.  Those  directly  above  the  fire  have 
their  load  thoroughly  calcined  and  those  at  the  farther  end  are 

•  BimloRlchf  11.  D.  ag. 
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gradually  cooling.  The  cars  are  moved  by  a  chain  which  is 
drawn  by  machinery  outside  of  the  chamber.  They  are  covered 
and  fit  into  one  another  with  mortise  and  tennon  so  that  they  fonii 
virtually  a  metal  tunnel  in  the  chamber.  This  prevents  exposure 
to  smoke  and  assures  a  more  even  distribution  of  heat  through  the 
contents  of  the  cars. 


ESTRICK  GYPSUM   KlLNi. 


Estrick  gypsum  is  calcined  in  a  kiln  resembling  the  ordinary 
kiln  used  for  burning  lime.  When  i>ossible,  the  kiln  is  located 
near  the  quarry'  or  mine,  and  in  a  hollow  or  depression,  artificial 
or  natural,  so  that  tlie  trucks  canying  the  rock  from  the  quarry 
may  be  run  directly  to  tlie  top  of  the  kiln  and  there  automatically 
emptied.  The  kiln  will  hold  about  2()0  tons  at  one  time,  though 
all  of  this  amount  is  not  subjected  to  the  full  furnace  heat.  The 
accompanying  diagram  will  best  explain  its  nature.  The  sketch 
is  made  from  the  side.  The  fireplace  is  represented  by  D,  the 
ashes  falling  down  into  E.    The  gypsum  blocks  are  thrown  in  at 
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A,  and  the  whole  iaterior  filled.     The  fireplace  on  its  upper 
side  and  rear  is  grated,  and  the  flames  and  heat  pass  directly  up 


Fig.  42.    Sketch  of  kiln  for  burning  estrick  gyptum. 
(Destribed  ia  text.) 


through  A.  The  hottest  part  of  the  kiln  is  found  at  B,  where  a 
comparatively  small  amount  of  gypsum  is  brought  directly  in 
contact  with  the  grates.  From  time  to  time  the  rock  which  has 
been  exposed  to  this  great  heat  passes  on  down  into  C,  the  cool- 
ing chamber.  This  will  take  place  whenever  the  rock  already 
calcined  and  cooled  is  removed  from  C  and  taken  to  the  mill  for 
grinding.  The  heat  in  the  lower  part  of  A  is  so  intense  that  nearly 
complete  combustion  takes  place,  and  only  gases  and  hot  air, 
without  smoke,  pass  on  up  through  A,  and  escape  at  the  top.  The 
process  is,  then,  a  continuous  one,  with  but  slight  loss  of  heat 
There  is  little  danger  of  overheating  the  gypsum  and  no  attempt 
to  perfectly  control  the  temperature  is  made. 

Estrick  gypsum  commands  a  price  twice  as  great  as  ordinary 
gypsum  plaster.  In  every  gypsum  producing  locality  the  num- 
ber of  estrick  kilns  is  increasing  rapidly,  and  all  manufacturers 
reported  a  growing  demand  for  this  form  of  gypsum. 
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TESTS  OF  GERMAN  STUCK  GYPSUM. 

Samples  of  stuck  gypsum  procured  in  Germany,  from  the 
works  of  Fischer  Bros.,  Krolpa,  Thuringia,  were  tested  by  Pro- 
fessor Marston  at  Ames.  Stuck  g\7)sum,  as  previously  stated,  is 
made  by  crushing  the  raw  gj^psum  to  lumps  about  the  size  of 
walnuts  and  calcining  in  ovens  heated  to  303-  Fahrenheit  for  a 
number  of  hours,  the  fine  grinding  being  done  after  calcining. 
Stuck  gypsum  is  the  only  form  of  plaster  of  Paris  used  in  the 
German  porcelain  factories,  and  for  many  purposes  in  the  arts  it 
commands  a  price  double  that  of  kettle  calcined  plaster.  Profes- 
sor Marston  rei3orts  as  follows : 

"Another  series  of  tests  was  made  of  German  stucco  ground  very  much  finer 
than  the  Iowa  plaster.  The  fineness  of  grinding  of  the  different  plasters  is 
shown  in  the  table  given  elsewhere  in  which  it  appears  that  85  per  cent  of 
the  German  stucco  passed  a  No.  100  sieve  as  compared  with  58.6  per  cent  to 
68.7  per  cent  of  the  Flint  plaster.  More  of  the  Flint  plaster  was  extremely 
finely  ground,  however,  than  the  German  stucco,  as  appears  from  the  percent- 
age passing  the  No.  200  sieve.  The  tests  of  the  German  stucco  indicate  that 
it  was  considerably  quicker  setting  than  the  Flint  plaster,  as  indicated  by  the 
higher  strength  at  the  end  of  one  day.  There  does  not  appear  to  be  a  great 
difference  between  the  ultimate  strength  of  the  German  stucco  neat  and  the 
Flint  plaster  neat,  but  with  considerable  proportions  of  sand  the  German  stucco 
gave  the  higher  tests.  The  peculiar  thing  about  the  tests  of  the  German 
stucco  is  the  lack  of  adhesion.  The  result  showed  very  little  adhesion  for  this 
material." 

Two  hundred  pounds  of  Iowa  gypsum  were  sent  to  Geniiany 
and  burned  in  **  stuck  g^'psum"  ovens,  and  the  plaster  so  cal- 
cined was  tested  by  German  ]>orcelain  makers  and  pronounced 
satisfactoiy.  There  is  no  reason,  therefore,  why  Iowa  gj'psum 
should  not  be  used  in  making  stuck  gj'psum  when  the  Ameri- 
can trade  demands  a  plaster  with  the  ])eculiar  proi)erties  which 
this  process  furnishes. 

EXPERIMENTS  WITH  ESFRICK  GYPSUM. 

At  the  suggestion  of  the  writer  Professor  S.  W.  Beyer  and  Mr. 
I.  A.  Williams  of  Ames  have  undertaken  a  series  of  experiments 
to  determine  the  properties  of  gj'psum  calcined  at  500'  C,  the 
temperature  to  which  German  estrick  gypsum  is  heated.  The  field 
for  estrick  gypsum  is  a  large  one  and  it  seemed  important  to  prove 
that  gypsum  which  is  commonly  regarded  as  **dead  burned" 


222  GYPSUM  INDUSTRY  OF  GERMANY. 

may  have  valuable  properties.    Mr.  Williams '  letter  in  which  ho 
reports  on  the  preliminary  experiments  is  quoted  below : 

*'Our  experiments  with  the  material  have  of  necessity  been  somewhat  long 
drawn  out  and  we  have  at  present  reached  a  stage  only  preliminary  to  the 
tests  which  you  outlined.  This  delay  is  entirely  due  to  the  preparatory  experi- 
ments required  to  determine  the  best  methods  of  procedure  in  burning  and 
mixingp  the  water  and  the  most  advantag-eous  conditions  for  setting  and 
hardening.  The  results  of  the  work  so  far  have  been  suflftciently  encouraging 
to  demonstrate  only  the  advisability  of  carrying  out  a  much  broader  series  oi 
tests  along  these  lines.     I  will  outline  briefly  the  work  that  has  been  done. 

All  the  gypsum  made  use  of  was  ground  in  the  raw  condition  as  it  comes 

from  the  bank,  to  pass  an  80  mesh  ^ive,  .28  millimeters,  therefore,  being  the 

maximum  size  of  grain.     In  order  to  ascertain  the  best  length  of  time  to  burn 

the  material,  samples  sufficient  in  amount  to  make  about  seven  standard  sized 

briquettes  each  were  heated  in  a  small  muffle  kiln.     The     first     sample     was 

drawn   when    the   temperature   reached  4.50®  C;    the    second    after    standing 

in   a    temperature   between    450^'    and    500®    C.     for     one     hour;     the     third 

after    two    hours    had    elapsed;    the  fourth    after    three    hours;    fifth    after 

four  hours;    sixth  after  five  hours;    seventh,  six  hours;    eighth   sample,   after 

seven  hours'  continuous  heating  at  450-^  to  500®  C. 

These  were  mixed  with  water  to  a  consistency  such  that  the  mortar  would 
by  jarring  settle  into  the  molds  of  itself,  shaped  in  briquette  molds  and  allowed 
to  set  by  keeping  them  as  damp  as  possible  without  disintegration,  until  they 
had  attained  sufficient  hardness  to  resist  the  effects  of  water  poured  directly 
on  them.  This  preliminary  setting  required  a  week  and  a  half  to  two  weeks 
for  those  which  reached  the  greatest  final  strength  of  the  series.  After  this 
fhey  were  kept  well  wet,  though  not  saturated,  by  pouring  water  on  them  at 
irregular  intervals.  On  first  drying  out,  the  briquettes  shrank  to  dimensions 
somewhat  smaller  than  the  molds.  On  setting  part  of  this  lost  volume  was  re- 
gained by  swelling  to  a  slight  extent.  The  use  of  sand  as  a  dilutent,  with  the 
gypsum  or  of  any  other  inert  substance,  would  decrease  these  changes  in 
volume. 

The  burning  of  gypsum  is  entirely  for  the  removal  of  chemically  combined 
water.  As  this  is  accomplished  in  ordinary  plaster  or  stucco  at  from 
100  to  170®  C,  only  a  part  of  the  water  of  hydration  is  removed, 
leaving  a  compound  of  approximately  the  formula  (CaS0j,H,O  according 
to  Le  Chatelier.  This  compound  readily  takes  up  water,  becoming  set  plaster 
of  Paris  of  the  formula  of  the  raw  material.  When  burned  to  red  heat,  in  the 
neighborhood  of  450'^  to  SOO"*  C,  dehydration  is  complete,  or  the 
gypsum  is  'dead  burned'  and  the  CaSO;  remaining  combines  with  water  very 
slowly  to  form  the  hydrate. 

In  the  tests  under  consideration,  the  sample  drawn  when  red  heat  was 
reached  acted  exactly  like  ordinary  plaster  of  Paris,  setting  quickly  almost 
before  it  could  be  gotten  into  the  molds,  was  pure  white  in  color  while  the 
others  were  of  a  pinkish  cast,  and  attained  the  strength  and  hardness  of  plas- 
ter of  Paris.  All  of  the  others  when  first  mixed  with  water  showed  no  ten- 
dency to  K-et,  working  like  so  much  flour.  My  conclusion  regarding  No.  1  was, 
that  at  450®  C,  it  had  not  yet  lost  all  of     its  water  of     crystallization;   the 
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others,  having  stood  at  substantially  this  same  temperature  for  different 
periods  had  lost  this  water  entirely. 

At  the  end  of  thirty-nine  days,  those  that  had  been  burned  one  hour,  two 
hours,  three  hours  and  four  hours  were  broken  in  a  Fairbanks'  cement 
briquette  testing  machine.     Following  is  the  summary  of  results: 

One  hour  bum,  283  pounds  per  square  inch;  two  hour  burn,  290  pounds  per 
square  inch;  three  hour  bum,  287  pounds  per  square  inch;  four  hour  burn,  289 
pounds  per  square  inch.  The  variation  among  the  different  sets  is  not  great 
enough  to  point  to  any  definite  length  of  time,  within  the  four  hour  limit,  as 
giving  better  results  than  any  other.  Those  heated  for  longer  periods  than 
four  hours  showed  very  little  if  any  tendency  to  set  under  the  same  treatment 
as  the  ones  tested.  The  limits,  however,  as  to  length  of  time  and  temparature 
are  pretty  clearly  established  as  just  beginning  red  heat,  when  dehydration  is 
first  complete,  and  a  continuation  of  red  heat  temperatures  for  four  or  five 
hours,  imder  which  the  gypsum  becomes  so  completely  dead  burned  that  it 
takes  up  water  so  very  slowly  as  to  preclude  the  idea  of  using  it  in  this  con- 
dition for  a  mortar  material.  All  that  appears  to  be  necessary  is  complete 
*  dehydration  and  so  far  as  my  work  has  gone,  the  shorter  the  burn  after  this 
is  attained,  the  more  rapidly  will  it  set. 

My  experiments  have  not  been  extensive  enough  by  far  to  determine  very 

much  as  to  the  best  methods  of  manipulation  in  burning  and  cF^pecially  in  the 

treatment  of  the  briquettes  while  setting  and  hardening.     Some  seemed  to  do 

better  than  others  treated  in  exactly  the   same   way."    ♦♦♦♦♦♦♦» 

EXPERIMENTS  TO  SHOW  CAUSE  FOR  THE  DETERIORATION  OF  STUCCO. 

Experience  has  shown  and  the  exi)eriments  of  Professor  Mars- 
ton,  quoted  elsewhere,  verify  the  fact  that  wall  i)laster  when  kept 
for  some  time  under  ordinarj^  conditions  loses  part  of  its  ability 
to  cany  sand,  while  neat  plaster  although  quite  old  attains  an 
adhesive  strength  equal  to  that  of  fresh  plaster.  This  loss  in 
ability  to  carrj'  sand  is  a  practical  diflSculty  in  the  plaster  busi- 
ness. Experiments  carried  out  by  Professor  Weems  and  Mr. 
Williams  at  Ames  show  that  four  year  old  plaster,  which  had 
been  kept  with  ordinarj'  care,  contained  water  equal  to  8.6  i)er 
cent  of  its  weight  while  water  in  fresh  plaster  is  limited  to  2.2 
to  2.6  per  cent.  To  prevent  deterioration,  therefore,  it  would 
seem  wise  to  ship  plaster  in  packages  which  are  as  thoroughly 
protected  from  the  air  as  ix)ssible  and  to  store  in  rooms  that  are 
drv. 
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naiy  hickoiy  nut.    Varying  tlms  in  size,  the  material  goes  direct- 
ly to  the  calciner. 


The  calciner  consists  of  a  fire  box  with  an  automatic  stoker, 
which  is  placed  in  front  of  and  connected  with  a  chamber  con- 
tainiug  a  rotating  cylinder.  Above  this  cylinder  is  a  chambei 
called  the  forewarmer,  through  which  a  spiral  conveyor  passes, 
from  end  to  end.  A  pipe  leads  from  the  rotating  cylinder  to  the 
forewarmer,  and  connects  at  tlie  other  end  with  the  chimney. 
Connected  with  the  fire  box  is  a  fan  by  which  a  forced  draft  i^ 
secured.  In  the  figure  this  fan,  instead  of  being  connected  with 
the  fire  box,  is  shown  connected  with  the  rotarj'  cylinder.  The 
fire  box  is  heated  to  a  higli  temperature,  and  the  draft,  forced  by 
the  fan,  passes  through  the  rotating  cylinder,  and  then  through 
the  forewarmer.  The  gypsum  is  conveyed  by  bucket  elevators 
from  the  crushers  to  a  bin  above  the  calciner  and  thence  it  flows 
under  the  influence  of  gravity  into  the  forewarmer,  through  whicli 
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it  is  carried  by  the  spiral  conveyor.  It  then  falls  directly  into 
the  rotary  cylinder  below.  Shelves  or  buckets  on  the  inside  of 
this  cylinder  pick  up  the  material  and  elevate  it  as  the  cylinder 
rotates.  When  the  material  nears  the  top  the  slant  of  tlie  shelves 
is  so  great  that  it  falls  again  to  the  bottom.  This  process  of  rais- 
ing the  gypsum  and  allowing  it  to  fall  is  constantly  repeated, 
the  strong  draft  of  hot  air  passing  through  the  cylinder  from  the 
fire  box  strikes  the  gypsum  as  it  falls  from  top  to  bottom  and 
moves  the  fragments  toward  the  rear  with  a  velocity  directly 
proportional  to  their  size.  The  coarser  material  moves  much 
more  deliberately,  and  thus  is  exposed  to  the  heat  longer  than 
the  finer  and  more  readily  calcined  particles.  In  this  way,  though 
the  material  entering  the  rotating  cylinder  varies  greatly  in  fine- 
ness, the  finer  is  not  *  *  dead  burned ' '  and  the  coarser  is  sufficiently 
calcined.  All  of  the  heat  has  not  been  exhausted  from  the  air 
in  passing  through  the  rotary  cylinder,  and  this  is  for  the  most 
part  saved  by  forcing  the  air,  after  it  leaves  the  cylinder,  through 
the  f orewarmer.  In  this  process  the  heat  is  so  completely  utilized 
that  the  air  and  furnace  gases  pass  to  the  chimney  with  a  tem- 
perature of  only  80^  C.  Between  the  forewarmer  and  the 
chimney  the  dust  chamber  is  situated.  Here  all  of  the  finer  par- 
ticles are  allowed  to  settle  and  the  air  passes  on  to  the  chimney 
practically  free  from  dust.  No  gypsum  was  seen  about  the  out- 
side of  the  mills  and  the  roof  showed  no  trace  of  dust,  while 
within  everything  was  dust  free  except  the  grinding  and  sacking 
rooms.  To  calcine  one  ton  of  gypsum  by  this  Mannheim  method 
experience  has  demonstrated  that  on  the  average  only  100  pounds 
of  rather  inferior  bituminous  coal  is  required.  An  automatic 
recorder  indicates  constantly  the  heat  of  the  rotary  cylinder,  and 
this,  with  the  mechanical  stoker,  insures  an  even  temperature 
during  the  entire  process  of  calcining.  From  the  rotary  cylinder 
the  gypsum  is  again  elevated  to  the  floor  above,  and  passes 
through  a  spiral  conveyor  which  is  surrounded  with  a  water 
jacket.  Here  the  gypsum  is  cooled,  and  passes  on  to  the  sieves. 
That  portion  of  the  gypsum  which  does  not  need  further  grind- 
ing is  separated  by  the  sieves  and  the  rest  goes  to  the  vertical 
mills.  The  process  and  machinery  of  the  Mannlieim  mill  are  te 
be  recommended: 
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1.  For  economy  of  fuel ;  the  amount  of  coal  consumed  is  only 
one-half  that  required  for  calcining  with  cylindrical  kettles. 

2.  The  continuity  of  operation  greatly  reduces  the  amount 
of  hand  labor. 

3.  The  fact  that  the  gypsum  is  finely  ground  after  calcining 
results  in  a  great  economy  of  power.  The  stones  of  the  burr 
mills  also  wear  much  longer  and  need  to  be  dressed  but  seldom. 
The  saving  due  to  these  facts  is  considerable. 

Before  the  Mannheim  system  is  introduced,  however,  it  should 
be  determined  carefully  that  the  gypsum  is  as  uniformly  calcined 
as  by  the  present  American  methods.  So  far  as  Germany  is  con- 
cerned, it  has  been  demonstrated  that  the  calcining  is  uniform 
enough  to  satisfy  the  demands  made  by  the  German  builder. 
The  American  mason,  however,  may  require  a  finer  product  than 
the  German.  A  limited  amount  of  soot  also  settles  in  the  gypsum 
and  it  is  slightly  coated  with  calcium  sulphide,  due  to  the  reac- 
tion of  the  sulphur  always  present  in  the  coal  on  the  gypsum.  For 
ordinary  building  purposes,  however,  these  do  not  injure  the 
quality  of  the  gypsum. 

3.  Calcining  ivith  either  individual  or  continuous  ovens. — 
This  process  is  used  also,  and  even  more  conunonly,  in  calcining 
porcelain  gypsum,  and  will  be  described  later  under  that  heading. 

4.  Other  devices  for  calcining  that  have  been  tried  more  or 
less  successfully  in  Germany.  — Cedcinmg  with  superheated 
steam.*  A  method  of  calcining  by  steam  called  Violett's 
method  from  its  inventor,  is  commended  by  some  Ger- 
man technical  experts  and  discouraged  by  others.  The 
method  in  Germany  is  very  new,  and  was  not  found  in  oper- 
ation in  any  of  the  mills  personally  visited.  Theoretically  all 
agree  that  the  principle  used  by  Violett  is  excellent.  At  the  last 
meeting  of  the  (jerman  gjqjsum  association  this  and  similar  pro- 
cesses in  which  superheated  steam  is  used,  were  discussed,  and 
while  all  agreed  that  the  qualitj^  of  the  plaster  so  produced  was 
most  excellent,  some  of  those  present  argued  that  this  excellence 
was  secured  at  too  great  an  expense  of  fuel.  When  gypsum  is 
calcined  with  superheated  steam  there  is  very  little  danger  of 
**dead  burning."     A  suflScient  and  uniform  temperature  may 

*  Gipi  and  feir>e  V^rweoduog,  von  Marco  Pedrotti,  p.  48.     Prometheui  Nr.  583. 
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easily  be  maintained.  The  product  is  not  discolored  by  soot  as 
in  the  Mannheim  process.  Cheapness  is  claimed  for  it  also  by 
Pedrotti.* 

Steam  at  one-half  an  atmosphere  pressure  is  used  and  at  a 
temperature  of  140-  to  150^  C^  It  is  generated  in  an  ordinary 
boiler  and  superheated  in  a  coil  of  pipes.  The  gypsum,  unground 
and  in  rather  large  pieces,  is  stacked  in  egg  shaped  ovens  which  are 
capable  of  resisting  a  moderate  amount  of  pressure  from  within. 
Through  these  ovens  the  superheated  steam  circulates.  The  gyp- 
sum is  calcined  in  six  hours.  By  the  combination  of  a  number 
of  ovens,  which  are  heated  by  one  boiler  plant,  certain  ovens 
may  be  charged  while  others  are  being  emptied,  and  the  process 
is  made  continuous.  Pedrottif  and  Kruger  J  claim  that  by  this 
process  one  ton  of  gypsum  may  be  calcined  at  the  expense  of  110 
pounds  of  bituminous  coal.  Professor  Lechnerg  makes  the  criti- 
cism that  the  apparatus  as  now  in  use  often  gets  out  of  order  and 
for  this  reason  has  not  been  found  economical.  Other  calciners 
which  are  practically  obsolete  are  described  by  Pedrotti. 

The  calcining  of  porcelain  gypsum,— All  agree  that  the  porce- 
lain industry  demands  a  gypsum  that  has  been  most  uniformly 
burned  and  ground.  Gypsum  which  will  be  readily  accepted  by 
the  builder  will  not  serve  the  purpose  of  the  modeler.  Tradition, 
apparently  more  than  anything  else,  leads  certain  gypsum  cal- 
ciners to  adhere  to  extremely  expensive  and  ancient  methods  in 
calcining  porcelain  gypsum.  Ovens  like  those  employed  by  the 
baker  in  which  the  gypsum  is  agitated  by  long  pokers  are  still 
used.  It  is  generally  admitted,  however,  that  this  method  is  not 
necessary  to  produce  a  plaster  of  the  quality  desired.  Most  of 
the  porcelain  gypsum  is  at  present  burned  in  a  more  inexpensive 
manner.  Much  stuck  gypsum  (gj^psum  plaster)  is  also  calcined 
in  the  same  way. 

Long  rooms  with  thick  walls  are  constructed  out  of  brick. 
These  rooms  have  a  height  of  seven  feet  and  are  built  above  a 
furnace.  On  the  floor  of  the  room  and  extending  out  for  some 
distance  in  front  of  it  is  a  car  track.    Cars  three  feet  wide,  carry- 


*  Gipi  and  leine  Verweadun?. 

t  Ibid   p.  50. 

X  Kruger  Handbucb  der  Bauitofflehre  Band  II,  p.  29. 

8  Promethenw  Nr.  S83- 

ll  Gips  und  seine  Verwendnnff,  pp.  20 -So. 

IS  G  Rep 
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ing  a  rack  with  five  or  more  shelves  quite  like  the  cars  used  in 
America  in  brick  driers,  are  loaded  with  gypsnm  and  run  into 
the  rooms.  The  gypsum  is  previously  crushed  but  not  ground, 
the  fragments  varying  in  diameter  from  an  inch  to  one-fourth  of 
an  inch.    The  shelves  are  loaded  ^nd  unloaded  by  hand. 


fiiwit  Slid*  of  mil  plai' 


The  smoke  and  gas  from  the  furnace  do  not  enter  the  room  con- 
taining the  gypsum,  but  pass  through  the  walls  in  flues.  From 
thirty  to  thirty-six  hours  are  required  for  calcining.  The  room 
is  kept  at  a  uniform  temperature  of  140^  C.  and  long  tliennoiiie- 
ters  inserted  through  the  walls  and  reading  on  the  outer  walls, 
indicate  the  heat  within  at  any  time.  An  ordinary  oven  Is  emp- 
tied three  times  a  week  and  furnishes  each  time  eight  to  nine  tons 
of  calcined  gypsum.  An  effort  is  made  to  change  the  cars  quick- 
ly so  that  the  heat  of  the  oven  may  not  be  lost.  Kruger*  claims 
tltat  a  ton  of  gypsum  may  be  calcined  in  these  ovens  with  120 
pounds  bituminous  coal,  but  this  estimate  seems  entirely  too  low. 

The  Bock  kiln  for  the  continuous  burning  of  brick  is  used  also 
in  Gennany  for  calcining  gjpsuin.f  It  consists  of  a  straight 
ehamljcr  150  to  180  feet  long.  Through  tliis  chamber  runs  a  track 
on  which  is  placed  a  series  of  wrought  iron  wagons  loaded  with 
gypsnm.  In  this  tunnel  under  the  track  a  fire  is  made  which  is 
confined  to  tlie  center  of  the  chamber,  so  that  the  cars  freshly 
loaded  are  gradually  wanned.  Those  directly  above  the  fire  have 
their  load  thoroughly  calcined  and  those  at  the  farther  end  are 
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gradually  cooling.  The  cars  are  moved  by  a  chain  which  is 
drawn  by  machinery'  outside  of  the  chamber.  They  are  covered 
and  fit  into  one  another  with  mortise  and  tennon  so  that  they  fomi 
virtually  a  metal  tunnel  in  the  chamber.  This  prevents  exposure 
to  smoke  and  assures  a  more  even  distribution  of  heat  through  the 
contents  of  the  cars. 


ESTRICK  GYPSUH   KILNS. 


Estrick  gypsum  is  calcined  in  a  kiln  resembling  the  ordinary 
kiln  used  for  burning  lime.  AVhen  possible,  the  kiln  is  located 
near  the  quarrj'  or  mine,  and  in  a  hollow  or  depression,  artificial 
or  natural,  so  that  the  trucks  cann'ing  the  rock  from  the  quarry 
may  be  run  directly  to  the  top  of  tiie  kiln  and  there  automatically 
emptied.  The  kiln  will  hold  about  200  tons  at  one  time,  though 
all  of  this  amount  is  not  subjected  to  the  full  furnace  heat.  The 
aecomiianying  diagratii  will  best  explain  its  nature.  The  sketch 
is  made  from  the  side.  The  fireplace  is  represented  by  D,  the 
ashes  falling  down  into  E.    The  gypsum  blocks  are  thrown  in  at 


220 


GYPSUM    INDUSTRY    OF    GERMANY. 


A,  and  the  whole  interior  filled.     The  fireplace  on  its  upper 
side  and  rear  is  grated,  and  the  flames  and  heat  pass  directly  up 


Fig.  42.    Sketch  of  kiln  for  btrniDg  estrick  gypium. 
(Described  ia  text.) 


through  A.  The  hottest  part  of  the  kiln  is  found  at  B,  where  a 
comparatively  small  amount  of  gypsum  is  brought  directly  in 
contact  with  the  grates.  From  time  to  time  the  rock  which  has 
been  exposed  to  this  great  heat  passes  on  down  into  C,  the  cool- 
ing chamber.  This  will  take  place  whenever  the  rock  already 
calcined  and  cooled  is  removed  from  C  and  taken  to  the  mill  for 
grinding.  The  heat  in  the  lower  part  of  A  is  so  intense  that  nearly 
complete  combustion  takes  place,  and  only  gases  and  hot  air, 
without  smoke,  pass  on  up  through  A,  and  escape  at  the  top.  The 
process  is,  then,  a  continuous  one,  with  but  slight  loss  of  heat 
There  is  little  danger  of  overheating  the  g>^psum  and  no  attempt 
to  ])erfectly  control  the  temperature  is  made. 

Estrick  gypsum  commands  a  price  twice  as  great  as  ordinary 
gypsum  plaster.  In  every  gypsum  producing  locality  the  num- 
ber of  estrick  kilns  is  increasing  rapidly,  and  all  manufacturers 
reported  a  growing  demand  for  this  form  of  gypsum. 
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TESTS  OF  GERMAN  STUCK  GVKSIJM. 

Samples  of  stuck  gypsum  procun-d  in  (J(»rrnariy,  frofii  IJMf 
works  of  Fischer  Bros.,  Krolpa,  Thurlngia,  w(?n*  UmUul  l;y  Pro 
fessor  Marston  at  Ames.  Stuck  ^yjmuin,  an  imtviouHly  hUiU^sI^  in 
made  by  crushing  the  raw  gypHum  to  luiiipH  aUnit  th^^  «i'/<f  of 
walnuts  and  calcining  in  ovens  hcat<fd  to  ;}())  Fahr<fnli<'/t  for  a 
number  of  hours,  the  fine  grinding  f^'ing  doutt  nfU*r  /'alr^ining^ 
Stuck  gypsum  is  the  only  fonn  of  ifUxHUfV  of  Parih  tin*'A  in  Ihif 
German  rK)rcelain  farrt^iries,  and  for  many  purfK/H^'H  in  th^f  aii>,  i< 
commands  a  price  double  tliat  of  kettle  /'al^'i  ned  \tUikU*t\  Uroftr^ 
sor  Marston  rejK>rt«  aij  followh: 


"Another  series  of  u«tB  wa«  zna/!^  of  OfifjAri  *tJ"//  trro^tft^  v^-ty  ti**i'U  lit*/ r 
than  the  Iowa  plaster.  Th>  fiz»f^«r»i!  of  t^nu^it^n  of  xh^,  on^t^-u^  ^*.i?«/-#*  ;»! 
shown  in  the  tahle  ipren  el^ewt^rfr  iJK  wrj';;  .y  %,y\^^t%  »*;*,♦  >,v  j/*'#  '>-/.«  V/* 
the  German  sta^XTO  passed  a  No,  :>0  fcif'V*:  *>  '//f/.;Af*^';  w,»j;  :^>,  *^  >»-/  t^u*  »// 
€S.7  per  cent  of  th*:  Flint  p-a»ir>>r.  Mof«r  *A  rt^  K.;fcr  >  ^ic'^-i  w*l*  «'/m*'Ia-« -/ 
finelj  inxr5n4i.  howerer.  iLat  it^  ^>nKJu:,  *,->"<>  «.«  4.>j^*^/«  fi'^m  u^  j/*-f '»'?-♦ 
aee  ra«>f^Tig  tie  No.  i>.'  tiere  Ti-e  vn*-.  ',5  r:,*:  '>?;«*;,  t^ '*.*//*  iu^/^*h»m  •?,*-* 
it  was  v«»« derail- J  7^:'iu<:r  •^►i^.'.ijf  '.uiJL  *.:-<:  K. .iu*  yj^>.*Mf  m-.  LC^'kU/;  v/  •*> 
higher  Rr^fx:^^  c:  ti«e  eii-i  vf  «:«*/*^  Cfcr  Tuat?*'  v>*-i  i.'^-  it^'yyntj  */,  *>-  «  if**i.» 
SUfereii'At  l^ecw^^ex  ii«e   ^--..adcr-e  tr.f'rj-a?'--   vf   •'^•'   <'x^rjit4ti    «».v^y//  ju*-*^»   *4^<;    '^'.; 

^ve  tie  iJri*cr  iie»n*,       T!Le  '^T'ijjt^s  •xJx|r  *.  ••,•.•   *s.>,  v,i>u  vf  *y»^   '/#-/ijwbj^ 
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may  have  valuable  properties.    Mr.  Williams^  letter  in  which  ho 
reports  on  the  preliminary  experiments  is  quoted  below : 

"Our  experiments  with  the  material  have  of  necessity  been  somewhat  long 
drawn  out  and  we  have  at  present  reached  a  stage  only  preliminary  to  the 
tests  which  you  outlined.  This  delay  is  entirely  due  to  the  preparatory  experi- 
ments required  to  determine  tlie  best  methods  of  procedure  in  burning  and 
mixing  the  water  and  the  most  advantageous  conditions  for  setting  and 
hardening.  The  results  of  the  work  so  far  have  been  sufficiently  encouraging 
to  demonstrate  only  the  advisability  of  carrying  out  a  much  broader  series  ol 
tests  along  these  lines.     I  will  outline  briefly  the  work  that  has  been  done. 

All  the  gypsum  made  use  of  was  ground  in  the  raw  condition  as  it  comes 

from  the  bank,  to  pass  an  80  mesh  ^»ve,  .28  millimeters,  therefore,  being  the 

maximum  size  of  grain.     In  order  to  ascertain  the  best  length  of  time  to  burn 

the  material,  samples  sufficient  in  amount  to  make  about  seven  standard  sized 

briquettes  each  were  heated  in  a  small  muffle  kiln.     The     first     sample     was 

drawn   when    the   temperature   reached  450*^  C;    the    second    after    standing 

in   a    temperature   between    450^    and    500^    C.     for     one     hour;     the     third 

after    two    hours    had    elapsed;    the  fourth    after    three    hours;    fifth    after 

four  hours;    sixth  after  five  hours;    seventh,  six  hours;    eighth   sample,   after 

seven  hours*  continuous  heating  at  450-^  to  500**  C. 

These  were  mixed  with  water  to  a  consistency  such  that  the  mortar  would 
by  jarring  settle  into  the  molds  of  itself,  shaped  in  briquette  molds  and  allowed 
to  set  by  keeping  them  as  damp  as  possible  without  disintegration,  until  they 
had  attained  sufficient  hardness  to  resist  the  efTects  of  water  poured  directly 
on  them.  This  preliminary  setting  required  a  week  and  a  half  to  two  weeks 
for  those  which  reached  the  greatest  final  strength  of  the  series.  After  this 
fhey  were  kept  well  wet,  though  not  saturated,  by  pouring  water  on  them  at 
irregular  intervals.  On  first  drying  out,  the  briquettes  shrank  to  dimensions 
somewhat  smaller  than  the  molds.  On  setting  part  of  this  lost  volume  was  re- 
gained by  swelling  to  a  slight  extent.  The  use  of  sand  as  a  dilutent,  with  the 
gypsum  or  of  any  other  inert  substance,  would  decrease  these  changes  In 
volume. 

The  burning  of  gypsum  is  entirely  for  the  removal  of  chemically  combinea 
water.  As  this  is  accomplished  in  ordinary  plaster  or  stucco  at  from 
100  to  ITO**  C,  only  a  part  of  the  water  of  hydration  is  removed, 
leaving  a  compound  of  approximately  the  formula  (CaS0j,H,O  according 
to  Le  Chatelier.  This  compound  readily  takes  up  water,  becoming  set  plaster 
of  Paris  of  the  formula  of  the  raw  material.  When  burned  to  red  heat,  in  the 
neighborhood  of  450*^  to  500^  C,  dehydration  is  complete,  or  the 
gypsum  is  'dead  burned'  and  the  CaSO^  remaining  combines  with  water  very 
slowly  to  form  the  hydrate. 

In  the  tests  under  consideration,  the  sample  drawn  when  red  heat  was 
reached  acted  exactly  like  ordinary  plaster  of  Paris,  setting  quickly  almost 
before  it  could  be  gotten  into  the  molds,  was  pure  white  in  color  while  the 
others  were  of  a  pinkish  cast,  and  attained  the  strength  and  hardness  of  plas- 
ter of  Paris.  All  of  the  others  when  first  mixed  with  water  showed  no  ten- 
dency to  F-et,  working  like  so  much  flour.  My  conclusion  regarding  No.  1  was. 
that  at  450®  C,  it  had  not  yet  lost  all  of     its  water  of     cr^'stallization;   the 
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others,  bavlng  stood  at  substantUUf  tbis  same  t«mi>er«tiire  for  iHfTer^nt 
periods  had  lost  this  water  entirety. 

At  the  end  of  thirty-nine  days,  those  that  had  been  burned  ono  hour,  two 
hours,  three  hours  and  four  hours  were  broken  In  a  Fnirbnnkn'  cement 
briquette  testing  machine.     Following  Is  the  summary  of  results: 

One  hour  burn,  283  pounds  per  square  Inch;  two  hour  burn,  290  pounds  per 
square  Inch;  three  hour  burn,  287  pounds  per  square  Inch;  four  hour  burn,  2H3 
pounds  per  square  inch.  The  variation  among  the  different  sets  Is  not  ttrent 
enough  to  point  to  any  definite  length  of  time,  within  the  four  hour  limit,  as 
giving  better  results  than  any  other.  Those  heateil  for  longir  periods  tlinn 
four  hours  showed  very  llttte  If  any  tendenry  to  set  under  the  Bame  treatment 
as  the  ones  tested.  The  limlU,  however,  as  to  length  of  time  and  tompnrature 
are  pretty  clearly  established  as  Just  beginning  red  heat,  when  dehydration  i» 
first  complete,  and  a  continuation  of  red  heat  temperatures  for  four  or  flto 
hours,  under  which  the  gypsum  becomes  so  completely  dead  burned  that  It 
takes  up  water  so  very  slowly  aa  to  preclude  the  Idea  of  using  It  In  thin  con- 
dition for  a  mortar  material.  All  that  appears  to  be  necessary  In  romplete 
*  dehydration  and  so  far  as  my  work  has  gone,  the  shorter  the  burn  after  thli 
Is  attained,  the  more  rapidly  will  It  set. 

My  experiments  have  not  been  extensive  enough  by  far  to  determine  very 
much  as  to  the  best  methods  of  mantpiilation  in  liiirnin([  nnd  cfipei-inlly  in  the 
treatment  of  the  briquettes  while  setting  and  hardening.  Some  seemed  to  do 
better  than  others  treated  in  exactly  the  same  way."    •••»»••• 

EXPERIMENTS  TO  SHOW  CAUSE  FOR  THE  DETP.RIOKATION  OF  STUCCO. 

Experience  iias  shown  and  the  ex[>erinient*t  of  I*rof(«*fior  Marfl- 
ton,  quoted  elsewhere,  verify  the  fact  that  wall  i)last«r  when  kept 
for  some  time  nnder  ordinar>-  conditions  loses  part  of  it«  ability 
to  carry  sand,  while  neat  plaster  although  (jDite  old  attain»  an 
adhesive  strength  ecjoal  to  that  of  fresh  plaster.  This  loss  in 
ability  to  cany  sand  is  a  practical  difficulty  in  the  plaster  busi- 
ness. Esperiments  carried  out  by  Professor  "VVeems  and  Mr. 
Williams  at  Ames  show  that  four  year  old  plaster,  which  harl 
been  kept  with  ordinary  care,  contained  water  e<|Tial  to  H.6  jter 
cent  of  its  weight  while  water  in  fresh  plaster  is  limiteri  to  2.2 
to  2.6  per  CMit.  To  prevent  deterioration,  therefore,  it  would 
seem  wise  to  ship  plaster  in  packages  which  are  as  thoroughly 
protected  from  the  air  as  possible  and  to  store  in  rooms  that  are 
dry. 
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Preliminary  Tests  of  Stucco  and  Plaster  Made  by  the  Civil  Engi- 
neering Department  of  Iowa  State  College. 

BY  A.    MARSTON. 

The  tests  the  results  of  which  are  given  below  were  undertaken 
by  the  Department  of  Civil  Engineering  of  the  Iowa  State  College 
in  the  fall  of  1900,  as  preliminary  to  a  more  extensive  series  of 
tests  to  be  carried  out  at  a  later  date.  The  work  was  done  in  co- 
oi>eration  witli  the  Iowa  Geological  Survey,  which  obtained 
the  samples  and  sent  them  to  the  department.  The  gypsum  mills 
at  Fort  Dodge  had  previously  been  visited  by  the  head  of  the 
Civil  Engineering  department.  The  samples  of  plaster  and 
stucco  obtained  were  first  tested  for  fineness  by  sifting  thenr^ 
through  a  series  of  sieves  of  varying  numbers  of  meshes  i^er  square 
inch.  These  are  the  standard  sieves  used  by  the  department  in 
mechanical  analyses  of  sand  and  other  similar  materials.  All  of 
the  sieves  have  been  calibrated  and  the  diameters  of  the  largest 
grains  passing  the  several  numbers  have  been  found  to  be  as 
follows : 

Sieve  No.    74—0.229  millimeters. 

Sieve  No.  100—0.115  millimeters. 

Sieve  No.  200-0.969  millimeters. 

Tlie  results  are  given  in  the  table  below: 

FINENESS  TESTS  OF  PLASTER  AND  STUCCO. 


KIND. 


Gypsum  from  Ft.  Dodge  Paint  Works 

Gypsum  from  Stucco  mills,  Ft.  Dodge,  Iowa 

Stucco  from  Ft.  Dodge  Plaster  Company,  Ft.  Dodge,  Iowa  .. 

Baker  Stucco ,  Kansas 

Kallolite  Stucco,  Cardiff  Gypsum  Plaster  Co  ,  Ft.  Dodge 

Baker  Plaster,  Kansas 

Mineral  City  Wall  Plaster,   Ft.  Dodge 

Okarche,  Oklahoma  Territory,  Oklahoma  Cement  Plaster  Co. 

Flint  Wall  Plaster,  Iowa  Plaster  Association ,  Ft.  Dodge 

Acme  Wall  Plaster,  Acme,  Texas 

Kallolite  Wall  Plaster,  Cardiff  Gypsum  Plaster  Co.,  Ft.  Dodge 

Stonewall  Plaster,  Ft.  Dodge  Plaster  Co. ,  Ft.   Dodge 

Duncomb  Wall  Plaster,  Duncomb  Stucco  Co.,  Ft.  Dodge.... 


PER    CENT   PASSING 
SIBV'^S. 


82.3 
44.0 
49  3 
39.5 
50.2 
28.2 
49  1 
51.3 
48.1 
56.6 
53.5 
54.0 
43.6 


PRKLUOXART    TESTS.  ZSH 

A  preliminanr  series  of  tensile  tests  of  the  strength  of  bri- 
quettes made  of  plaster  and  stncco  was  then  carried  out  to  ascer- 
tain the  proper  percentage  of  water  to  nse  in  mixing  the  mate- 
rials for  the  briquettes  and  to  give  the  exj»erimenter  experience 
in  making  them.  In  making  the  briquettes  the  water  and 
plaster  or  stucco  were  thoroughly  mixed  by  hand  and  the  mor- 
tar was  then  placed  in  standard  cement  briquette  molds  and 
packed  with  the  finger.  The  surface  of  the  briquette  was 
smoothed  with  a  trowel.  As  soon  as  the  briquettes  were  suffi- 
dentlj"  set,  which  usually  took  about  three  hours,  the  molds  were 
removed :  half  of  the  briquettes  were  then  kept  in  air,  and  the 
other  half  put  in  water,  as  sliown  by  the  table.  At  the  age  of  2(3 
to  2S  hours,  as  shown  in  the  table,  the  briquettes  were  broken  in 
a  Fairbanks'  Cement  Testing  Machine.  The  results  are  given 
in  the  following  table: 


1 

^   ■ 

5J 

s 
e 

'J 

i 

a 

H 

1?  '    ""*'"=^- 

brs. 

1 

Kallolite  Stucco,  from  Car-, 

3 

24 

-i 

0 

30 

2 

diff  Gypsum  Plaster  Com-] 

27 

0 

0 

30 

172 

3 

pany.  Ft.  Dodge,  Iowa. 

3 

2-1 

37 

I) 

35 

138 

4 

27 

0 

27 

0 

3S 

186 

i 

1 

3 

21 

27 

0 

40 

126 

27 

0 

27 

0 

40 

178 

7 

3 

24 

27 

0 

45 

115 

8 

27 

0 

27 

0 

45 

125 

g 

3 

34 

27 

0 

25 

I6S 

10 

i 

Z7 

0 

27 

« 

25 

160 

43 

Kail  ol  lie    Plaster,     Cardil!. 

JT 

id 

^8" 

""6" 

~W 

210 

u 

Gypsum  Piaster  Compauy 

28 

0 

28 

0 

30 

217 

45 

Ft.  Dodge.  Iowa. 

9 

19 

28 

0 

35 

J27 

46 

28 

0 

2S 

D 

35 

204 

47 

9 

19 

28 

0 

40 

172 

48 

28 

0 

28 

0 

40 

193 

49 

9 

19 

28 

0 

45 

13G 

SO 

28 

0 

28 

0 

45 

130 
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t.; 

AGE 

it 

Si 

sa 

1^ 

1 

5 

1 

p 

|S. 

RBUARK5. 

11 

StDcco    Irom    Ft.    Dodge 

~T3" 

26 

0 

45 

113 

12 

Stucco  Company. 

26 

0 

26 

0 

45 

101 

13 

23 

26 

0 

40 

182 

14 

26 

0 

26 

0 

40 

196 

15 

23 

W 

0 

35 

191 

Ifi 

26 

0 

26 

0 

35 

187 

17 

23 

■^G 

0 

30 

203 

18 

26 

0 

26 

0 

30 

266 

19 

23 

26 

0 

25 

180 

20 

26 

0 

26 

0 

25 

176 

61 

DuQCorab      Wall     Plaster, 

20 

26 

0 

25 



Uissolv«d    in 

62 

UuQcomb    Stucco     Com- 

26 

W 

0 

25 

176 

63 

pany.  Ft.  Dodge,  Iowa. 

26 

30 

64 

"'zb' 

■■'6' 

26 

0 

30 

"ioi' 

65 

6 

20 

0 

35 

124 

66 

26 

0 

26 

0 

35 

146 

67 

6 

20 

26 

40 

139 

Flaw  at  cen- 

6 

20 

26 

0 

40 

135 

6 

20 

26 

0 

45 

149 

70 

26 

0 

26 

0 

45 

10] 

91 

Stone    Wall    Piaster,    Kt. 

-Q- 

-IT 

Lrambled    in 

92 

Dodge  Plaster  Company. 

0 

25 

water  would 

93 

9 

""17 

26* 

0 

30 

"m 

not       stand 

94 

26 

0 

26 

0 

30 

71 

weight    of 

95 

9 

17 

26 

0 

35 

164 

clip. 

96 

26 

0 

26 

0 

35 

103 

97 

9 

17 

26 

0 

40 

122 

Flaw   in    bri- 

98 

26 

0 

26 

0 

40 

quette. 

99 

9 

19 

26 

0 

45 

95 

Distorted    by 

100 

26 

0 

26 

0 

45 

160 

water. 

hrs. 

hrs. 

hrs. 

101 

Acme  Wall  Pla  Iter. 

9 

17 

26 

0 

25 

142 

102 

26 

0 

26 

0 

25 

114 

103 

9 

17 

26 

0 

30 

129 

104 

26 

0 

26 

0 

30 

135 

105 

17 

26 

u 

35 

113 

106 

26 

0 

26 

0 

35 

116 

107 

9 

17 

26 

0 

40 

83 

108 

26 

0 

26 

0 

40 

91 

109 

9 

17 

26 

0 

45 

80 

110 

26 

0 

26 

0 

45 

77 

111 

Flint    Wall    Plaster,    Iowa 

9 

17 

26 

0 

25 

202 

112 

Wall  Plaster  Asssocialion 

26 

0 

26 

0 

25 

155 

113 

Ft.  Dodge,  Iowa. 

9 

17 

26 

0 

30 

143 

111 

26 

0 

26 

0 

30 

148 

lis 

9 

17 

26 

0 

35 

176 

116 

26 

0 

26 

0 

35 

185 

117 

0 
0 

40 
40 

"is?' 

118 

"m" 

""q 

'26 

119 

0 
0 

45 
45 

"113' 

120 

"'26' 

...... 

'26* 

PRBLIHINART    TBSTB. 
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'i 
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fl 
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i 
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71 

HioeralLitf  WollPlasier. 

n 

17 

iii 

0 

Hadly  wora. 

72 

26 

*> 

/■> 

j7 

■/H 

74 

26 

?fi 

t< 

:v> 

232 

9 

17 

■/s 

ii 

IS 

IW 

■IS 

-16 

I7H 

78 

2K 

7fi 

(t 

4ft 

130 

TO 

9 

17 

f, 

SO      1 

16 

2« 

«    ii 

I3fi 

21 

3 

?1 

IfH 

.0     45 

14fi 

2i 

26 

n 

2ti 

m 

23 

3 

23 

»i 

0     10 

173 

2t 

26 

0 

2R 

0     40 

2!0 

3 

23 

7f; 

207  : 

26 

26 

0 

2fi 

0      35 

1R8  1 

27 

3 

23 

28 

0 

30 

131 

23     26       0     25 
t)      26  :     0  :   2S 


Baker  Plasier,  Kansas. 


27 

ft  1 

27 

ft  1 

27 

ft  1 

'7 

ft 

27 

ft 

27 

0 

27 

(I 

27 

0  . 

Ill  •Vary  poor 

100  briqii«to, 

104  broken  wkh 

49  woijtht  o(  clip 

•  OB  machine. 


The  above  resulta  show  that  .'JO  to  -?5  per  <«nt  of  wafer  (jfave 
the  maaimam  :^trpn*?th  of  briquettes.  Thirty-five  per  cent  gave  a 
mixture  more  readily  haniileti  in  the  making  of  brif|iiettes  than 
30  per  cent,  and  this  perfentage  waa  adopted  in  the  remaining 
teats. 

The  reason  for  putting  part  of  the  briqoettes  in  water  was  to 
ascertain  sxai'fly  wiiat  injurious  effect  this  would  have  upon 
tiiem.     The    resnlt-*    with  the    short  time  teats    were  so    favor- 
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able  that  it  was  thought  worth  while  to  continue  these   in   th6 
longer  time  tests. 

On  completion  of  this  preliminary  work,  fresh  supplies  of  plas- 
ter and  stucco  were  obtained  and  what  was  intended  to  be  a  much 
more  extensive  series  of  tests  was  planned  and  begun.  It  was 
decided  to  make  both  tensile  and  adhesion  tests  of  the  material, 
and  to  obtain  the  strength  after  the  briquettes  had  been  allowed 
to  set  for  different  ages,  both  in  water  and  in  the  air.  It  was  also 
intended  .to  make  tests  with  the  neat  stucco  and  plaster  as  well 
as  with  different  percentages  of  sand.  This  seiies  of  tests  was 
only  fairly  begun,  and  its  completion  was  prevented  by  the  epi- 
demic of  typhoid  fever,  at  the  college,  of  which  the  exj)erimenter 
was  one  of  the  victims,  and  by  some  other  mishaps.  As  a  result, 
no  tests  were  made  with  sand,  and  only  part  of  the  heat  tests 
planned  were  carried  out.  The  results  of  this  series  are  given 
in  the  table  below : 


STRENGTH 

PER    SQUARE 

INCH   AFTER — 

KIND   OF 

KEPT  IN. 

KIND   OF   MATERIAL. 

TEST. 

1 

7 

28 

220 

Day. 

Days 

Days 

Days. 

Ft.  Dodge  Stucco. 

Tensile.  . 

Air 

22G 

201 

329 

274 

Tensile.  . 

Air 

219 

210 

438 

277 

Tensile.  . 

Water.  . . 

195 

139 

187 

•  *  •  •  •  • 

Tensile. . 

Water.  . . 

208 

154 

200 

Adhesion 
Adhesion 

Air 

87 
87 

133 

75 

60 

Water   .. 

Kallolite  Stucco  (Ft.  Dodge). 

Adhesion 

Air 

45 

115 

92 

Adhesion 

Water     . 

•   • 

31 

Kallolite  Plaster  (Ft.  Dodge  prod- 

Tensile. . 

Air 

219 

188 

379 

288 

uct.) 

Tensile   . 

Air 

186 

230 

245 

408 

Tensile.  . 

Water.  . . 

175 

185 

168 

Tensile.  . 

Water   .. 

189 

170 

209 

Adhesion 

Air 

52 

102 

42 

Adhesion 

Water   .. 



43 

•  • 

Duncomb  Plaster  (Ft.  Dodge  prod- 

Tensle  . 

Air 

211 

184 

375 

335 

uct.) 

Tensile.  . 

Air 

208 

220 

360 

205 

Tensile   . 

Water  .. 

192 

172 

180 

Tensile   . 

Water  .. 

202 

1"5 

186 

Adhesion 
Adhesion 

Air 

62 

81 
84 

Water   .. 

•  •       •  •  • 

PBELIMINABT    TESTS. 
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V 

STRENGTH 

PER    SQUARE 

INCH   AFTER— 

. 

KIND  OF 

KIND  OF  MATERIAL. 

KEPT  IN. 

TBST. 

1 

7 

28 

220 

Day. 

Days 

Days 

Days. 

Mineral   City   Plaster  (Ft.   Dodge 
product . ) 

Tensile.  . 

Air 

190 

237 

Tensile.  . 

Air 

301 

437 

Tensile   . 

Water.  . . 

215 

203 

195 

Tensile.  . 

Water.  .. 

192 

196 

205 

Tensile  . 
Tensile.  . 
Adhesion 

Water.  . . 
Air 

195 
215 

72 

212 

Adhesion 

Water.  . . 

84 

Stone    Plaster  (ht.  Dodge    prod- 

Tensile. . 

Air 

]31 

170 

483 

386 

uct.) 

Tensile   . 

Air 

Hi 

228 

470 

Tensile-  . 

Water.  . . 

187 

163 

182 

Tensile   . 

Water.  . . 

214 

193 

148 

Adhesion 

Air 



31 

80 

Flint    Plaster    CFt.    Dodge  prod- 

Tensile . 

Air 

192 

224 

348 

359 

uct.) 

Tensile.  . 

Air 

204 

217 

285 

Tensile.  . 

Water.  . . 

188 

207 

158 

Tensile.  . 

Water.  . . 

214 

205 

.  163 

Adhesion 

Air 

64 

114 

65 

Adhesion 

Water   .. 

26 

Acme  Plaster  (Texas.) 

Tensile.  . 

Air 

107 

128 

333 

193 

Tensile.  . 

Air 

131 

175 

303 

Tensile   . 

Water  . . 

82 

20 

151 

•  •  •      •  • 

Tensile   . 

Water.  . . 

111 

112 

154 

Adhesion 

Air 

76 

103 

47 

Baker  Stucco  (Kansas.) 

Tensile  . 

Air 

227 

236 

468 

405 

Tensile.  . 

Air 

221 

208 

461 

340 

Tensile.  . 

Water.  . . 

216 

223 

154 

Tensile   . 

Water.  . . 

226 

201 

181 

•    •    •    •     a    • 

Adhesion 
Adhesion 

Air 

117 
100 

50 

Water.  . . 

. . . 

98 

•  •  •  •    . 

Baker  Plaster  (Kansas.) 

Tensile.  . 

Air 

181 

195 

465 

283 

Tensile.  . 

Air 

134 

218 

.286 

375 

Tensile   . 

Water   . . 

183 

196 

195 

Tensile.  . 

Water.  . . 

185 

162 

215 

Adhesion 

Air 

83 

105 

Adhesion 

Water   .. 

55 

95 

Oklahoma  Plaster. 

Tensile   . 
Adhesion 
Adhesion 

Air 

Air 

82 
63 

' '  i33' 

62 

Water.  . . 

The  adhesion  tests  in  the  table  above  were  made  by  taking 
pieces  of  No.  2  paving  brick  from  Des  Moines  and  grinding  them 
on  an  emerj"  wheel  so  as  to  make  approximately  one-inch  cubes. 
Each  cube  had  one  face  carefully  trued  to  give  a  cross  section 
exactly  one  inch  square.    These  pieces  of  paving   brick   were 
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placed  in  the  cement  molds  with  the  true  emrfMe  above  referred 
to  exactly  at  the  middle  of  the  mold.  The  cement  or  stiifico  was 
then  placed  to  fill  the  remaining  half  of  the  mold  and  the  vacui 
space  in  which  the  piece  of  brick  was  located  was  filled  with  neat 
Portland  cement  mortar.  The  anangement  will  be  better  under- 
stood by  the  following  sketch: 

Neat  Porllan(3 

Cement 


^  BricK 


^^JPlaster 


Adhesion     Test  Briauette 

Fig.  43. 

It  was  thought  that  the  results  of  adhesion  tests  would  serve 
to  show  whether  the  tensile  strength  of  the  plaster  or  stucco  could 
properly  be  taken  as  a  measure  of  the  value  for  use  in  plaster. 
Paving  brick  was  taken  as  giving  the  material  which  could  be 
most  readily  made  standard  for  such  tests.  No.  2  paving  brick 
was  taken  in  preference  to  No.  1  because  the  No.  1  are  so  hard 
burned  as  to  make  the  preparation  of  the  cubes  very  expensive. 
The  adhesion  surfaces  were  ground  as  smooth  as  could  be  readily 
done  with  an  emery  wheel. 

It  will  be  noticed  in  the  table  that  as  a  rule  there  was  a  falling 
off  of  the  strength  of  the  briquettes  between  the  ages  of  28  and 
220  days.  The  reason  for  this  is  that  after  the  experimenter  was 
taken  sick  the  briquettes  were  allowed  to  remain  in  a  basement 
where  they  were  subjected  to  contact  with  very  moist  air  from 
the  condensation  of  steam  from  the  heating  plant.  The  effect 
of  the  moisture  in  tlie  air  shows  in  the  reduction  of  strength. 

Comparison  of  the  strength  of  the  briquettes  which  were  left 
in  water  with  those  left  in  air  indicates  that  they  showed  a  steady 
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deterioration.  In  the  end  these  briquettes  partially  dissolved  so 
that  no  tests  could  be  made  at  the  €fnd  of  the  220  days. 

The  writer  considers  that  the  number  of  tests  made  is  too 
small  to  enable  any  further  conclusions  to  be  drawn.  A  much 
more  extensive  series  of  tests  has  now  been  begun. 

Additional  experiments  carried  out  since  the  foregoing  were 
completed  are  given  below  and  seen  to  justify  the  following  gen- 
eralizations : 

It  appears  from  the  tests  that  the  adhesive  strength  of  plaster 
is  only  a  fraction  of  the  tensile  strength,  and  that  this  fraction 
decreases  as  the  proportion  of  sand  used  in  the  plaster  increases. 
The  adhesion  tests  proved  to  give  much  more  irregular  results 
than  the  tensile  tests.  This  is  probably  due  to  the  greater  diflS- 
culty  of  carrying  out  tlie  tests. 

All  the  tests  are  still  going  on.  Many  more  briquettes  than 
have  yet  been  broken  were  made,  and  these  are  being  broken  from 
time  to  time  at  different  ages.  It  is  still  too  early,  therefore,  to 
draw  decided  conclusions  from  the  tests.  The  following  sum- 
mary of  the  results  so  far  obtained  is,  therefore,  to  be  received 
cautiously,  as  later  results  may  modify  the  conclusions  to  be 
drawn. 

Two  kinds  of  plaster  were  tested,  the  Flint  plaster  made  by 
the  Iowa  Plaster  Company,  Fort  Dodge,  Iowa,  and  the  Crj^stal 
Rock  plaster  from  Blue  Rapids,  Kansas.  The  tests  do  not  show 
any  great  difference  between  these  two  kinds  of  plaster. 

Some  of  the  tests  were  made  on  plaster  as  obtained  from  the 
mills,  and  some  on  plaster  which  had  been  sifted,  using  only  that 
which  would  pass  a  sieve  having  100  meshes  per  lineal  inch. 

The  results  do  not  show  any  very  great  difference  in  the 
strength  of  the  sifted  and  the  unsifted  plaster. 

In  addition  to  the  main  tests  of  Flint  plaster  and  crj'stal  rock 
plaster  a  similar  series  of  tests  of  Flint  plaster  four  years  old 
was  made.  The  results  of  these  show  that  the  plaster  did 
not  deteriorate  greatly  so  far  as  the  strength  of  the  neat  stucco  is 
concerned,  but  it  had  largely  lost  its  ability  to  take  sand.  The 
tests  with  sand  were  very  much  weaker  than  the  corresponding 
tests  with  fresh  material.  Some  of  the  plaster  was  sifted  through 
a  No.  100  sieve,  and  it  was  found  that  the  material  which  would 
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pass  this  sieve  was  very  much  stronger  than  the  unsifted  material. 
Either  the  coarse  particles  deteriorated  mnu;  tbitu  the  fine  parti- 
cles, or  perhaps  the  absorption  of  moisture  from  the  air  caused 
part  of  the  material  to  set  into  coarser  grains  which  were  removed 
by  the  sifting.  The  old  Flint  plaster  showed  especially  poor  re- 
sults in  the  adhesion  tests. 
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INTRODUCTION. 

LOCATION  AND  AREA. 

The  territory  of  which  Henry  county  forms  a  part  was  pur- 
chased from  the  Sac  and  Fox  Indians  through  their  chief,  Black 
Hawk,  in  1832.  It  was  not  set  off  as  a  separate  county  until  the 
first  session  of  the  Wisconsin  Territorial  Legislature  in  1836, 
at  which  time  this  area  was  included  within  the  territory  of  Wis- 
consin. 

Henry  county  is  situated  near  the  extreme  southeastern  por- 
tion of  the  state.  It  lies  in  the  second  tier  of  counties  west  from 
Illinois  and  in  the  second  tier  north  from  the  state  of  Missouri. 
The  counties  of  Louisa  and  Washington  form  its  northern  boun- 
dary. On  the  east  the  counties  of  Des  Moines  and  Louisa  sep- 
arate it  from  the  Mississippi  river.  Lee  county  stands  between 
it  and  Missouri  on  the  south,  while  Van  Buren  and  Jefferson 
counties  touch  it  on  the  west. 

Its  eastern  border  is  but  eighteen  miles  from  the  Mississippi 
river,  and  its  southern  boundary  is  about  an  equal  distance  from 
the  Iowa  and  Missouri  line.  Henry  is  among  the  smallest  coun- 
ties in  the  state.  It  forms  a  rectangle  twenty-four  miles  in  length, 
north  and  south,  and  eighteen  miles  in  width.  It  comprises  twelve 
government  townships  which  give  it  an  area  of  432  square  miles. 

Although  among  the  smallest  in  area,  this  county  is  not  among 
the  least  in  attractiveness,  either  from  the  standpoint  of  the  agri- 
culturist, or  of  the  geologist,  or  indeed,  of  him  who  appreciates  the 
beauties  of  landscape  expressed  in  its  rich  variety  of  widely 
stretching  prairies,  its  forest-covered  hills  and  rock-bound 
streams. 

EARLIER  GEOLOGICAL  WORK. 

Among  the  earliest  students  of  geology  in  Iowa  was  Professor 
D.  D.  Owen,  whose  parties  worked  in  the  state  during  the  sum- 
mer of  1849.  He  refers  to  some  deposits  of  the  Coal  Measures 
in  the  adjoining  counties  of  Van  Buren*  and  Jeffersonf  but  no 

^Owen:  Geol.  Surv.  of  Wis.,  Iowa  and  Minn.,  pp.  106-X09. 
t  Ibid,  p.  no. 
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mention  is  made  of  any  points  within  the  area  under  considera- 
tion. 

In  1857  Mr.  A.  H.  Worthen,  under  the  direction  of  Professor 
James  Hall,  made  some  investigations  on  the  geology  of  south- 
eastern Iowa.  During  the  progress  of  this  work  he  visited  several 
points  in  Henry  county  and  devotes  a  few  pages  to  the  description 
of  its  geology.  * 

Dr.  C.  A.  White,  in  his  report  on  the  Geological  Survey  of 
Iowa,+  gives  a  short  description  of  some  exposures  of  the  Coal 
Measures  in  the  southeastern  part  of  the  state,  but  says  nothing 
in  regard  to  deposits  of  coal  occurring  within  the  }x)rders  of 
Henrv  countv. 

Mr.  Frank  Leverett,  of  the  United  States  Geological  Survey, 
has  made  extensive  observations  on  the  surface  features  of  Henry 
county.  He  was  the  first  to  note  the  presence  of  the  Illinoian 
drift  sheet  in  southeastern  Iowa,  and  to  trace  its  }x>undary. 
Among  his  numerous  publications  the  following  contain  refer- 
ences which  bear  upon  the  geolog>'  of  the  area  under  discussion : 
The  Deflection  of  the  Big  Cedar  Creek  from  ib?  Xoniial  Axis,J 
The  Weathered  Zone  (Sangamon)  between  the  Iowa  Loess  and 
the  Illinoian  Till  Sheet,^  the  Yarmouth  S<jil  and  Weathered  2>>ne 
and  the  Illinoian  Glacial  Lobe.*^ 

PHYIOGRAPHY. 

TOPOGRAPHY. 

The  surface  features  of  Henrj'  count];'  may  l>e  groui>ed  in  two 
distinct  topographical  areas.  The  fi^^t  consists  of  an  undulating 
prairie,  moderately  well  drained,  occupying  the  northern  and 
northeastern  portions  of  the  county.  This  region  belong^^.  for  the 
most  part,  to  the  Kansan  drift  plain,  but  the  imperfect  drainage 
resulting  from  its  distanoe  from  any  stream  of  considerable  si^se 
and  the  consequent  aljsence  of  erosion  renders  the  area  wanting 
in  the  typical  features  of  Kansan  drift  tc^pography. 


VA  loVQL   Vol.  1.  pfi.  ZU^^^ 

GeoL  Sorv    tAxomm.  x%7C.  Vol.  V.  pp.  S7i'J94- 
rrtKa.  hm^  Stale  Arri^  Calkcc  %om. .  itk. 

, 1  oi  JMMtkmj,  \9\  VI,  jij,.  m  «Bd  S7».  1*^ 

ftvc.  Immm.  hcmC.  Sa..  Vol  V.  p^..  ^Mk.   il0B. 

"         flf  Geatac^.  VoL  Tl.  pt.  t»-Hy-  iM- 

'  %.  U.  £.  Gaol.  Swv..  |ifi.  34,  ^  sii,  I9,  9c.  «3 a»d  V- 
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The  level  landscape  is  broken  in  the  northern  portion  of  the 
county  by  the  presence  of  two  old  valleys,  one-fourth  to  three- 
fourths  of  a  mile  in  width  and  fifteen  to  twenty  feet  in  depth. 
These  depressions  are  abandoned  channels  which  were  eroded  in 
the  Kansan  drift  by  temporary  streams  during  some  later  ice 
invasion,  and  whose  waters  found  other  channels  upon  the  retreat 
of  the  ice.  One  of  these  valleys  enters  the  county  from  the  north 
near  the  northeastern  comer  of  Scott  township.  It  trends  towards 
the  west,  passing  a  short  distance  north  of  the  town  of 
Winfield.  Near  this  village  it  divides;  one  branch  bending 
towards  the  northwest  leaves  the  county  near  the  northeast  corner 
of  Wayne  township.  It  continues  westward  at  some  distance 
north  of  the  countv  line  for  ten  or  twelve  miles,  when  it  bends 
southward  and  again  enters  the  borders  of  Henry  in  the  north- 
west corner  of  Jefferson  township,  near  the  town  of  Coppock. 
This  channel  is  occupied  in  the  greater  part  of  its  course  by  the 
small  stream  of  Crooked  creek. 

The  other  branch  passes  almost  directly  west  from  Winfield 
and  forms  a  conspicuous  valley  across  the  northern  portion  of  the 
county.  It  unites  once  more  with  the  former  channel  near  the 
town  of  Coppock  above  mentioned.  The  Burlington  and  Western 
railroad  follows  this  valley  for  several  miles  through  the  central 
portions  of  Scott  and  Wayne  townships. 

Mr.  tVank  Leverett  has  shown  that  these  were  channels  succes- 
sively occupied  by  the  Mississippi  river  when  it  was  pushed  over 
westward  by  the  lobe  of  the  Illinoian  ice  sheet.  This  lobe  crossed 
the  river  from  Illinois  and  covered  a  narrow  portion  along  the 
border  of  southeastern  Iowa.  A  small  area  in  the  southwestern 
part  of  Heurj^  county,  comprising  a  narrow  strip  along  the  easteni 
edge  of  New  London  and  Baltimore  townships,  also  owes  its 
topography  to  this  invasion  of  the  Illinoian  ice.  The  rounded 
ridges  and  irregular  hills  which  mark  the  marginal  moraine  of 
this  drift  sheet  are  prominent  for  some  distance  in  the  township 
of  New  London,  a  short  distance  east  of  the  town  of  the  same 
name.  Further  south,  in  Baltimore  township,  the  moraine  is 
crossed  by  the  Skunk  river.  Here  it  is  obscured  for  the  most  part 
by  the  erosion  of  that  river  and  its  tributaries. 

Over  all  of  the  remaining  southern  and  southwestern  portion 
of  the  county,  continuing  along  the  western  side  to  the  point  wherv5 
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the  Skunk  river  enters,  in  the  extreme  northwest  corner,  the  sur- 
face presents  the  erosional  features  so  characteristic  of  the  Kiui- 
san  drift  plain.  It  is  evident  that  its  toi>ography  has  been 
impressed  upon  it  by  the  waters  of  the  Skunk  river,  the  master 
stream  of  the  count\',  togetlier  witli  that  of  its  tributaries  and 
their  dendritic  branches.  These  streams  liave  iutcrsec*tcii  the 
region  in  all  directions.  During  the  slow  moving  centuries  they 
have  cut  down  their  channels  entirely  through  the  drift  and,  in 
many  cases,  have  car\'ed  their  beds  deep  into  the  underlying  lime- 
stone. As  a  consequence  we  have  here  a  diversified  landscaiH> 
of  hill  and  upland,  of  valley  and  prairie.  The  level  plains  of 
varying  extent  are  separated  by  ravines  bordered  by  rounded 
slopes,  or  by  wider  channels  in  which  the  streams  flow  lazily  as 
thev  wander  from  side  to  side  in  the  broad  vallevs  which  thev 
occupy.  Occasionally  their  waters  run  with  heedless  haste  as  they 
hurry  over  the  stony  bottom  and  past  the  rocky  bluffs  which  at 
intenals  confine  them  to  a  narrower  channel.  At  numerous 
points  along  the  course  of  these  winding  streams  the  current  has 
been  deflected  against  the  side  of  a  bordering  bluflTand  the  stream 
is  chiseling  wider  its  valley  that  already  is  much  too  large  to  be 
filled  by  its  waters  even  in  their  most  swollen  periods.  All  of 
this  area  is  quite  perfectly  drained  by  the  ultimate  branches  of 
Big  creek  and  Big  Cedar  creek  which  are  the  largest  streams  that 
pay  tribute  to  the  Skunk  river  within  the  county. 

The  general  level  of  the  uplands  back  from  the  river  on  either 
side  is  determined  by  the  hard,  evenly-bedded  limestone  which 
occurs  near  the  upper  part  of  the  Saint  Louis  stage.  Over  the 
most  of  this  area  these  hard  layers  immediately  underlie  the  super- 
ficial deposits  that  aip  the  hills  and  cover  the  level  plains.  They 
may  be  seen  exposed  in  the  beds  and  bluffs  of  the  streams  in  the 
townships  of  Tippecanoe,  Center,  New  Ijondon,  Salem  and  Jack- 
son, and  doubtless  extend  over  much  of  the  drift-concealed  sur- 
face of  the  prairie  townships.  These  compact  beds  crumble  but 
slowly  under  the  action  of  the  disintegrating  agencies  of  the 
atmosphere.  They  stand  out  at  the  top  of  the  bold  escarpment 
that  overlooks  the  Skunk  river  at  Oakland  Mills.  They  crown 
the  bluffs  that  in  so  many  places  make  beautiful  the  banks  of  Big 
creek.    They  appear  in  the  crests  of  the  low  ledges  that  outcrop 
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on  either  side  of  the  broad  valley  along  the  course  of  Big  Cedar 
creek  in  the  townships  of  Salem  and  Tippecanoe.  On  following 
back  to  their  source  the  tributaries  of  these  streams  one  passes 
over  the  same  compact  layers  of  white  limestone  which  usually 
appear  in  their  beds  as  the  uppermost  indurated  rocks  of  the 
county.  The  influence  of  these  layers  upon  the  topography  of  the 
region  cannot  be  overlooked. 

Below  these  compact  beds  for  many  feet  the  rocks  are  more 
broken  and  irregular.  Local  layers  and  pockets  of  soft  sandstone 
and  brecciated  beds  of  limestone  render  the  cutting  of  the  streams 
down  to  the  harder  strata  which  lie  near  the  base  of  the  Saint 
Louis  stage  comparatively  rapid.  For  this  reason  the  tops  of 
the  hills  and  tlie  level  of  the  uplands  stand  thirty  to  forty-five 
feet  above  the  beds  of  the  larger  streams,  whose  bordering  ledges 
are  almost  vertical;  the  inclined  bank  of  superficial  materials 
sloping  back  to  the  general  level  of  the  plain  above. 

The  hills  here  are  most  of  them  covered  with  a  thin  mantle  of 
loess,  but  deposits  of  any  considerable  depth  are  very  local.  Over 
the  greater  part  of  the  region  the  thickness  is  insufficient  to  modify 
the  erosional  features  of  the  drift.  Usually  the  loess  is  not  so 
uniformly  fine-grained  in  texture  nor  so  yellow  in  color  as  it 
appears  nearer  the  border  of  the  lowan  drift,  or  nearer  the  bluffs 
of  the  Mississippi  river.  In  a  few  places  along  the  Skunk  river, 
however,  the  westward  facing  hill  slopes  have  received  a  deposit 
of  typical  loess  twenty  to  tliirty  feet  in  thickness.  In  the  cuts 
that  have  been  made  through  this  material  the  sides  have  a  tend- 
ency to  stand  almost  vertical,  the  top  not  sliding  downward  so 
early  nor  to  the  same  extent  as  it  is  prone  to  do  in  the  case  of  exca- 
vations made  in  the  drift. 

Besides  the  work  of  long  continued  erosion  over  this  area  there 
are  a  few  points  at  which  it  is  probable  that  the  wind  has  also 
had  a  share  in  determining  the  topography.  In  the  southwestern 
part  of  Jefferson  township,  about  one  mile  east  of  Merrimac 
Mills,  the  level  valley  on  the  east  side  of  Skunk  river  is  bordered 
for  some  distance  by  a  series  of  hills  of  sand  instead  of  the  low, 
talus  covered  ledges  of  limestone  that  usually  bound  the  river  at 
some  distance  back  on  either  side.  These  hills  vary  in  height 
from  about  twenty-five  to  thirty-five  feet.    Some  of  them  are  sev- 
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eral  rods  in  length  extending  with  their  long  axes  east  and  west, 
almost  at  right  angles  to  the  river  valley.  The  valley  at  this 
point  is  about  one  mile  in  width.  Its  surface  materials  are  almost 
pure  sand,  and  it  is  probable  that  the  hills  have  been  slowly  built 
up  by  the  deposit  of  materials  gathered  by  the  winds  as  they 
swept  over  this  level  bed  of  loose  sand. 

A  few  miles  north  of  this  point,  in  section  6  of  the  same  town- 
ship, the  regular  bank  that  guards  the  east  side  of  the  river  is 
again  replaced  by  a  number  of  irregular  hills.  These,  however, 
are  composed  of  the  finer  loess  material  instead  of  sand.  At  this 
point  the  valley  of  the  river  is  narrower  and  its  surface  materials 
are  less  sandy  than  at  the  place  mentioned  above,  which  facts 
probably  account  for  the  difference  in  the  deposits.  Both  groups 
of  hills  are  where  the  prevailing  westerly  winds  sweeping  across 
the  valley  would  lay  down  their  load  of  dust  and  debris  on  coming 
in  contact  with  vegetation,  or  on  having  their  velocity  checked  by 
the  obstructing  banks. 

Xear  the  central  part  of  section  4,«  in  Salem  township,  there  are 
a  number  of  interesting  mounds  which  have  attracted  some  local 
attention.  They  stand  on  the  east  side  of  the  valley  of  Big  Cedar 
creek,  a  short  distance  below  what  is  known  as  the  Bales  ^  ford. 
The  flood  plain  through  which  Big  Cedar  creek  flows  is  at  this 
point  about  three-quarters  of  a  mile  in  width.  The  hills,  six  in 
number,  stand  near  together,  their  tops  reaching  fifty  or  sixty 
feet  above  the  bed  of  the  stream.  Thev  are  more  nearlv  circular 
in  outline  than  those  in  Jefferson  township,  but  their  longer  axes 
also  extend  east  and  west,  nearly  at  right  angles  to  the  vallay, 
where  the  northwesterly  winds  would  be  likely  to  dejxisit  their 
load  on  meeting  the  opposing  banks.  On  the  crest  of  the  hills 
have  been  found  the  graves  of  some  prehistoric  men.  Popular 
tradition  tells  that  these  hills  are  tumuli  constructed  bv  some 
primitive  f people,  of  sand  carried  by  them  from  unknown  dis- 
tances, in  order  that  here  overlooking  the  waters  their  dead  might 
have  a  beautiful  place  of  burial.  Be  this  story  as  it  may,  the  hills 
are  composed  of  rather  fine  sand  of  nearly  uniform  sized  grains 
and  po  clean  that  the  neighboring  farmers  often  use  it  for  purposes 
of  masonr\'.    Thev  are  covered  with  a  forest  of  oak  trees,  some 
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of  which  are  of  large  size,  indicating  an  age  of  at  least  two  hun- 
dred years. 

TABLE  OF  ELEVATIONS. 

The  following  table  taken  from  aneroid  determinations  made 
by  Mr.  Frank  Leverett,  and  from  the  table  of  altitudes  of  the 
Chicago,  Burlington  and  Quincy  and  the  Saint  Louis,  Keokuk 
and  Northwestern  railways,  gives  the  height  above  sea  level  of 
some  of  the  principal  points  in  the  county.  The  elevation  given 
by  Leverett  is  that  of  the  channel  of  the  temporary  Mississippi 
river.  That  taken  from  tlie  railroad  records  refers  to  the  level  of 
the  top  of  the  ties.  It  will  be  noticed  that  the  highest  point  given 
in  the  countj^  is  at  New  London,  which  is  situated  on  the  edge  of 
the  Illinoian  moraine. 


STATION. 


Altitude  tbove 
Sea  Lerel. 


Authority. 


Wiofield 

Coppoclc 

New  Loodon. 
Mt.  Pleasant. 
Ketcham 


Rome .  

Oakland  Mills 

Denova  

Salem 

Henry  and  Lee  county  line  near  where  it  is  crossed  by  St.  L., 
K.&N.W.R.R 


703    

7CO    

76a    

730    

694 5i 

itib% 

{67S     

736    *.'.!.'! 
735    

6S7    


Leverett. 
Lererett. 
C,  B.  & 
C,  B.  & 
C.  B.  & 
C.  B.  & 
Leverett 
St.  L.,  K 
St.  L  ,  K 
St.  L  ,  K 

Leverett. 


&  N.  W. 
.  &  N.  W. 
&  N.  W. 


DRAINAGE. 

It  is  a  fact  of  common  observ^ation  that  the  rivers  of  southeast- 
ern Iowa  all  flow  in  a  general  southeasterly  direction  towards  the 
Mississippi.  Now  within  the  borders  of  Henry  county  the 
streams  do  not  always  follow  this  nonnal  course.  Even  the  larger 
streams,  as  the  Skunk  river  and  Big  Cedar  creek,  which  follow 
that  direction  for  many  miles  before  reaching  the  county,  here 
deviate  in  a  very  marked  degree  from  the  usual  southeasterly 
direction.  This  peculiar  action  on  the  part  of  the  streams  points 
to  some  exceptional  conditions  in  the  history  of  the  county  as  the 
cause,  and  these  must  be  sought  within  the  borders  of  this  inter- 
esting region. 

The  Skunk  River. —The  present  drainage  system  of  Henry 
county  is  comparatively  simple.    The  Skunk  river  embraces  the. 
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entire  area  in  its  hydrograpBical  basin,  and  together  wiUi  its 
branching  tributaries  carries  away  all  of  the  excess  of  water  that 
falls  upon  the  surface. 

This  river  enters  the  countv  in  the  extreme  northwest  comer. 
Digressing  from  its  general  southeasterly  course,  at  this  point  it 
luakes  an  abrupt  bend  to  the  south.  With  many  windings  it  f  il- 
lows  for  some  miles  along  the  west  side  of  the  county,  at  one  time 
bending  to  the  west  of  the  county  limits  and  again  making  a  turn 
within  its  borders.  In  section  31  of  Trenton  township  it  make& 
a  stronger  bend  to  the  east  for  a  distance  of  three  miles,  return- 
ing westward  as  far  as  the  village  of  Kome  in  section  5  of  Tippe- 
canoe township,  and  then  resumes  its  general  southeasterly  course 
crossing  the  townships  of  Tippecanoe,  Center,  Jackson  and  Balti- 
more, and  leaving  the  county  in  section  35  of  the  latter  township, 
about  one  and  one-half  miles  west  from  its  southeast  coruer. 

In  the  upper  part  of  its  course,  above  described,  the  river  flowa 
in  a  valley  from  three-fourths  to  one  and  one-fourth  miles  in 
width-  This  vallev  on  either  side  is  bordered  bv  low  bluffs  of 
sandstone  and  impure  limestone,  twenty  to  thirty  feet  iu  heighL 
These  ledges  belong  to  the  middle  portion  of  the  Saint  Louis 
stage.  The  bed  of  the  river  is  of  mud  or  sand  and  the  stream  is 
not  at  present  cutting  its  channel  deeper.  In  this  part  of  its  course 
the  river  is  evidently  occupying  a  valley  that  was  eroded  before 
the  visit  of  the  Kansan  ice  sheet.  Its  bordering  banks  are  com- 
paratively low,  and  concealed  both  near  the  top  and  the  base  by 
drift  and  debris.  Kansan  drift  may  also  be  found  in  places  with- 
in the  valley.  The  above  condition  would  indicate  that  here  the 
river  has  appropriated  a  channel  not  of  its  own  making,  one  that 
was  formed  by  the  waters  of  a  preglacial  stream.  A  short  dis- 
tance south  of  Borne,  at  the  point  where  the  river  resumes  its 
more  easterly  direction,  it  abandons  this  old  valley.  From  this 
place  down  to  the  point  where  it  leaves  the  county  the  river  oe^ 
cupies  a  newer  bed.  Along  this  part  of  its  course  the  channel 
is  narrower,  and  the  ledges  that  border  it  are  higher,  less  covered 
with  waste,  and  stand  more  nearly  verticaL  Near  Borne  the  mag- 
nesian  beds  which  belong  to  the  lower  p>ortion  of  the  Saint  Louis 
limestone  may  be  seen  at  the  base  of  the  bluffs.  Proceeding  fur- 
iher  downward  along  its  course  the  river  has  cut  through  succes- 
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sively  lower  beds.  At  Webster's  mill,  a  few  miles  below  Oakland, 
its  chamiel  is  carved  to  a  depth  of  twenty-five  feet  in  the  strata 
of  the  Keokuk  limestone.  Below  this  point  there  is  a  slight  dip- 
ping of  the  layers,  and  at  the  old  Boylston  mill,  near  the  north- 
west comer  of  section  25  of  Jackson  township,  the  geode  shales 
of  the  Keokuk  sub-stage  are  exposed  in  the  south  bank  of  the  river 
just  above  the  level  of  low  water. 

Seven  miles  below  Boylston  mill,  and  about  one  mile  before 
leaving  the  county,  the  Skunk  river  receives  from  the  north  the 
waters  of  Mud  creek.  At  this  point  deposits  of  the  Keokuk  shales 
stand  out  in  a  bluff  to  a  height  of  twenty  feet  above  the  river. 
Here  they  are  overlain  by  the  thick  layers  of  magnesian  limestone 
which  Professor  Worthen  designated  as  the  Warsaw. 

Big  Cedar  Creefc.— Big  Cedar  creek,  the  largest  tributary  of 
the  Skunk  river  within  its  area,  rises  in  Harrison  township  of 
Mahaska  county.  It  flows  in  a  southeasterly  direction  for  a  dis- 
tance of  seventy-five  miles,  crossing  the  counties  of  Wapello,  Jef- 
ferson and  a  comer  of  Van  Buren.  It  enters  Henry  county  near 
the  northwest  comer  of  Salem  township.  After  making  a  few 
turns  it  receives  the  waters  of  Little  Cedar  creek  near  the  north- 
east comer  of  section  17,  of  the  same  township.  Soon  after  this 
the  stream  departs  from  its  general  southeasterly  course  and 
bends  abruptly  northward.  With  many  windings  it  persists  in 
following  a  northerly  direction  until  it  unites  with  the  Skunk 
river  a  short  distance  below  Rome.  This  is  only  eight  miles  from 
the  point  where  the  stream  makes  its  northward  turn,  but  in  the 
devious  journey  its  waters  have  traversed  more  than  double  that 
number  of  miles. 

Throughout  the  whole  of  its  northerly  course  Big  Cedar  creek 
flows  in  a  wide  valley  bounded  by  low  ledges,  partially  drift  cov- 
ered, or  by  banks  of  till  which  belong  to  the  Kansan  age.  One 
such  bluff  composed  of  clay,  containing  pebbles  and  bowlders  of 
various  sizes  overlooks  the  stream  near  the  middle  of  the  north- 
west quarter  of  section  9,  Salem  township.  At  this  point  the 
creek  bends  sharply  to  the  northwest,  and  its  current  has  been 
deflected  against  the  bluff  that  borders  the  valley  exposing  a 
bed  of  drift  for  a  depth  of  fifty  feet  down  to  the  water 's  edge. 

The  bed  of  the  stream  lies  about  fifteen  feet  below  the  flood 
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plain  which  would  average  over  three-fourths  of  a  mile  in  width, 
but  at  no  point  in  its  northward  journey  does  its  waters  cut  down 
to  the  underlying  limestones.  Indeed,  in  many  places  over  the 
flood  plain  wells  have  been  put  down  for  a  depth  of  fifty  or  sixty 
feet  without  reaching  the  indurated  rocks. 

The  above  facts  testify  to  a  time  preceding  the  invasion  of  the 
Kansas  ice,  in  which  for  a  long  period  the  land  over  this  area 
stood  higher  than  at  present.  During  this  time  the  streams  that 
drained  the  region  cut  their  channels  to  a  greater  depth  than  they 
are  permitted  to  do  with  the  present  elevation.  This  interval  was 
followed  by  the  period  when  the  Kansan  ice  sheet  spread  its 
mantle  of  drift  over  all  of  this  portion  of  the  state,  filling  full  and 
completely  burying  all  of  these  old  river  channels.  After  the 
retreat  of  the  ice  a  stream  of  the  new  drainage  system  established 
itsel/  within  the  banks  of  the  old  preglacial  valley.  After  another 
long  period  a  lobe  of  the  Illinoian  ice  sheet  fmshed  over  for 
sc«ne  distance  into  Iowa  from  the  eastward.  This  mass  of  ice 
crowded  the  Mississippi  river  out  of  its  bed  and  forced  it  to  flow 
for  a  time  further  west.  As  this  temporary  Mississippi  passed 
west  from  Winfield  around  the  margin  of  the  ice,  it  found  the 
channel  which  is  at  present  occupied  by  the  Skunk  river  and 
appropriated  it  for  some  distance,  following  it  .southward  from 
Coppock  as  far  as  Rome. 

Mr.  Leverett  has  also  found  a  wide  valley  excavated  in  the 
Kansan  drift  and  partially  filled  with  till  of  the  fllinoian  age, 
which  turns  aside  from  the  present  Skunk  river  channel  near 
Augusta*  in  Des  Moines  county.  This  valley,  which  is  over  a 
mile  in  width,  passes  south  from  this  p<">int,  mf^tin^  the  \rissis- 
aippi  a  few  miles  farther  south  than  the  prpsf»nt  berl  of  thp  Skunk. 
Above  Augusta  this  valley  is  occupierl  by  the  waters  of  the  pres- 
ent Skunk  river.  Along  the  borders  of  Lee  and  Ties  Moines  coun- 
ties the  river  flows  through  a  wide  flood  plain  which  is  much 
larger  than  tliat  of  Big  creek,  and  probably  could  not  liave 
been  formed  by  the  waters  of  that  stream.  In  the  northern  por- 
tion of  Lee  county  this  valley  comes  up  nearly  t/>  the  level  of  the 
neighboring  part  of  the  temporary'  Afississippi.  f^everett  con- 
jiiidera  this  to  be  the  ancient  bed  of  the  Skunk  river  before  the 

•L«Ter«tt:    Die  Illinoian  Glacial  Lobe,  pp.  laf-ia^. 
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invasion  of  the  lUinoian  ice.  If  the  line  of  discharge  for  the 
Skunk  river  in  pre-IUinoian  times  was  down  this  channel,  the 
same  ice  dam  which  caused  the  Mississippi  to  make  a  turn  further 
westward  around  its  border,  would  also  block  the  drainage  of  the 
Skunk  in  this  direction.  During  this  period  the  waters  of  the 
temporary  Mississippi  joined  with  those  of  the  Skunk  river  at 
Coppock  and  passed  down  the  present  Skunk  river  channel  as 
far  as  Rome.  Then  owing  to  the  blocked  condition  of  the  lower 
portion  of  the  Skunk,  they  continued  south  along  the  lower  course 
of  the  present  Big  Cedar  creek  to  section  17  of  Salem  township. 
This  lower  course  of  the  valley  of  Big  Cedar  was  probably  the 
line  of  discharge  for  the  waters  of  Big  and  Little  Cedar  creeks 
in  the  pre-Illinoian  times  the  same  as  at  present.  It  is  about  one 
mile  in  width  and  is  bordered  by  rather  low  and  partially  drift 
covered  ledges  of  limestone  twenty-five  to  thirty-five  feet  Id 
height.  It  has  every  characteristic  of  an  ancient  valley  and  indi- 
cates a  much  longer  period  of  water  action  than  does  the  more 
southern  portion  of  this  temporary  Mississippi  channel  known  as 
the  Grand  Vallev. 

The  presence  of  the  Big  Cedar  channel  probably  determined 
the  particular  place  where  the  united  Skunk  and  Mississippi 
rivers  should  leave  the  valley  of  the  Skunk.  As  they  continued 
southward  in  the  Big  Cedar  creek  channel  in  the  direction  oppo- 
site to  that  of  the  waters  which  it  previously  carried,  they  would 
silt  up  the  bed  to  a  height  a  little  above  that  of  Big  Cedar  at  the 
point  where  it  enters  this  channel  in  Salem  township. 

When  the  Illinoian  ice  melted  and  the  rivers  returned  to  their 
present  course,  Big  Cedar  creek  would  probably  continue  to  find 
the  southward  direction,  down  this  old  valley,  the  line  of  easiest 
discharge  owing  to  the  sloi>e  of  the  bed  detennined  by  the  direc- 
tion of  flow  of  those  temporary  rivers.  The  portion  of  the  channel 
between  Eome  and  section  17  of  Salem  township  would  thus  for  a 
time  have  been  abandoned.  Upon  the  return  of  the  Skunk  river 
to  its  present  course,  a  stream  would  probably  at  once  be  formed 
in  the  northern  portion  of  this  deserted  channel,  discharging  its 
waters  into  the  river.  Finding  the  task  of  excavation  in  this  new 
deposit  a  comparatively  easy  one,  it  soon  worked  its  way  back- 
ward to  the  point  where  Big  Cedar  entered  this  valley  in  Salem 
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township,  diverting  the  waters  of  that  stream  once  more  north- 
ward, in  the  old  direction  of  flow.  Continuing  this  buck  erosion 
a  short  distance  further  southward,  the  bed  of  Little  ( 'odnr  creek 
also  would  be  tapped  and  the  present  course  of  theses  ntronms 
within  the  county  established.  The  Grand  valley  would  thus  be 
left  a  deserted  channel  to  tell  the  partial  story  of  the  changeH  in 
whicli  it  had  had  a  share. 

Big  CreeA:.— This  is  the  second  largest  stream  iliut  pays  tribute 
to  the  Skunk  river  within  the  county.  It  drains  the  region  to  the 
north  of  the  river  and  belongs  distinctively  to  th(»  central  portion 
of  this  area.  It  also  enjoys  the  distinction  of  b(»ing  one  of  the 
most  crooked  and  winding  streams  in  the  stat<».  Big  crecjk  lia«  itn 
source  in  the  trenches  and  small  gullies  eroded  by  the*  wat(?r  in 
the  eastern  part  of  Canaan  township.  These  smaller  1)ranches 
unite  to  form  a  single  larger  stream  near  the;  Houth(!aHt  corner  of 
the  township  of  Marion.  From  this  point  the  creek  winds  biurk 
and  forth  across  the  southern  part  of  Marion  township,  pa«t 
abrupt  ledges  of  limestone  and  be<l«  of  softer  sanrlstone.  Near 
the  western  part  of  Marion  township  it  rer'eiven  from  the  nortli 
the  waters  of  Linn  and  Little  Potomar*  crffifks.  Soon  after  thin  it 
turns  southward  and  continuf^s  in  just  as  zigzag  and  winding  a 
manner  to  within  les.s  than  two  miles  of  the  riv^r  in  Her^tion  IH  of 
Cedar  township.  Here  it  l)ends  to  the  s^Mitheast  and  ^'ontinu^ 
its  devious  course  in  a  genera!  line  f>arallel  with  the  Skunk  river^ 
flowing  across  Center  and  the  nortlieast  corner  of  Jackson  t^/wri 
ships,  and  empt>'ing  into  the  river  in  .s^-^'tion  10  of  the  township 
of  Baltimore.  About  two  miles  U-fon*  it  nnitf-M  with  the  river, 
Big  creek  receives  the  waters  of  Bni«h  curi'V,  wh^/<4^?  inhnUirUr^ 
drain  the  greater  part  of  Xew  ]jrnf\ou  township,  Th**  h^ra/l- 
waters  of  Big  creek  are  within  ten  rniUr<*  of  ]U  month,  find  yet  this^ 
winding  stream  has  a  length  of  more  than  jkfrvi'uiy  m'tU-n,  U 
fomts  the  principal  drainage  for  the  town?*!iifi«  of  ^'anaan, 
Marion.  Center.  Xew  I>^ndon.  t!ie  northea.i*t  eorn^'r  of  Ja/'k^^n 
and  the  northwei»t  fiortion  of  Baltimore,  Along  lU  entire  f:fmr%ff 
it  is  bordered  by  le^^igei*  of  fvirA  and  limeji*r//ne,  ft  erf/ri<t^^  al^mg 
its  banks  the  entire  thiekne^^?*  of  tlif-  Satnt  f»nl^i  *tiige,  a^  fbat 
stage  15  de^'elofjed  in  the  frffrinty.  from  thfr  ^halv  Up<^iiiffrrf^$i 
layer  overiyinir  the  white  ffntiitz/'i,  y>^h  at  the  r//x/,  fy>  th^  ge/^^kr 
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shales  of  the  Keokuk  which  underlie  the  brown  magnesian  beds 
at  the  base. 

Big  creek  is  a  new  stream.  It  occupies  a  channel  of  its  own 
carv'ing  since  the  leveling  mantle  of  the  Kansan  drift  was  spread 
over  all  of  this  area.  It  lies  in  the  region  embraced  between  the 
moraine  of  the  lUinoian  drift  on  the  east  and  the  great  bend  of 
the  temporary  Mississippi  river  on  the  north  and  west  It  forms 
the  principal  drainage  for  the  east-central  portion  of  the  county. 

In  its  westerly  course  Big  creek  runs  parallel  to  tlie  old  Mis- 
sissippi valley  across  the  northern  portion  of  the  county.  After 
bending  southward  it  continues  to  flow  parallel  with  the  portion 
of  the  temporary  channel  wliich  passes  from  Coppock  to  Rome, 
and  finally,  after  turning  to  the  southeast  it  still  continues  parallel 
with  the  present  course  of  the  Skunk  river  until  by  a  more  abrupt 
bend  its  waters  meet  that  stream  in  the  western  part  of  Baltimore 
townsliip. 

Crooked  Creefe.— Scott  township  is  drained  by  the  numerous 
branches  which  form  the  headwaters  of  Crooked  creek.  This 
stream  passes  out  of  the  county  near  the  northeast  comer  of 
Wayne  township.  It  follows  the  northward  flowing  channel  of 
the  temporary'  Mississippi  river,  and  with  it  retui:ns  to  the  bor- 
ders of  the  county  in  the  northwest  corner  of  the  township  of 
Jefferson. 

Numerous  other  small  streams  within  this  area  pay  tribute  to 
the  Skunk  river  and  to  Big  creek  and  Big  Cedar  creek,  but  they 
are  not  of  sufficient  size  to  merit  separate  mention. 

Instead  of  the  normal  stream  drainage  that  carries  off  the  sur- 
face water  over  the  greater  part  of  the  area,  at  a  few  points  there 
are  developed  sink  holes.  At  these  ])laces  the  underlying  strata 
are  fissured,  or  passages  have  been  dissolved  in  them,  through 
which  ci'aeks  the  water  finds  its  way  downward  to  subterranean 
waterways.  Such  sink  holes  api)oar  in  the  southwest  portion  of 
Tipi)ecanoe  township  and,  again,  a  few  may  be  seen  along  Little 
Cedar  creek  in  the  western  part  of  the  township  of  Salem.  None 
of  these,  however,  are  more  than  a  few  feet  in  diameter  nor  are 
they  so  numerous  as  to  form  an  important  feature  of  drainage. 


STBATIGBAFKr.  35(^ 

STRATIGRAPHY, 

General  Relatioot  of  Strata 

Tlie  ancient  geological  h'lHU^ry  of  H^nry  •^^uui  v  !►  ^-fjtsym.  4n 
the  i*ocks  which  belong:  to  the  uj^i/^nuoir^i  hVKU^if  ul  tii*-  ymHS^utK 
gronp,  as  that  group  of  ro^rk*  i*  ^l^veloj^  iu  tii^  M  ihhi*»h».>fp  «tt* 
ley.    Over  all  of  the  soothera  and  ijOutiiW^fKi^ru  jftjrtM'  \^  Haps. 
county  the  rocfe  of  thii?  fi?yf«UWi  are  ^xj^^-fh^d.  tini*'  itlu?f  titii^.  jt 
the  beds  and  along-  the  bamk*  of  tfje  iam^r  ^rnixwi^.    U    Uitii»: 
places  a  Tertical  •se^^on  of  tJjirty  to  forty  f«-i-t  J*"  laid  <»vhi'  -h 
observation-     The  nonii*Tij  or  j^rairi*-  ;y/rtJOf.   of  tu*^  a!<*  ji** 
deeT»lv  drift  '^jvfred-  and  it  j^t  ♦^ut  rar^'iv  tjiat  a  r^^.n^jv  ha*  earv^* 
its  chauje^  tLronjcL  the  drift  1/^  t.s*'  -fiOuraV^J  Vf^'^.t-.    j>*.<fi,  u^n*' 
the  v-e:i  dril:  iia*?  rvA'fstjeo  t'j*-  fa*-*  *;i?tt  t^i*-  •'/<'#>  '^f  \im^  MinMr 
ace  Tiii6*frVih  the  t!^j  a«t  var*  ;Lir  o**t/V'>, 

The  rla^'ifcl  ♦•^rje*-  >  re; 're****:-*!^;  iz,  H^vry  "';yf*\^   ir   two  dii^ 
tiit'r:  crfr:  *-hee*>-  *>e:jSinri*eo  vy  ^  ^vjj^  •  r,'*>'?  jria^^fe   t^^rj^/^j     yut^t^ 

has  tieeL  s^nr  ji*?"!^-:  ;i.  ifi'ifv  re*^?--.  *,.'•»*<*, 

er;K»*»ec  r:»T**r  tu^  ar**  Uij:*  t#-  ,•*< »•*-!!***; .oec  ,f.  •t**-  *</.#*/»  joit  tao^  : 
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tern  of  indurated  rocks,  and  of  this  system  both  the  upper  and  the 
lower  series  are  represented.  The  two  series,  however,  are  separ- 
ated by  an  enormous  period  of  time.  So  long  indeed  was  it  after 
the  laying  down  of  the  lower,  before  the  rocks  of  the  upper  series 
were  deposited,  that  the  surface  of  the  former  was  dissected  and 
deeply  furrowed  by  the  streams  which  drained  the  area  during 
its  earlier  history.  At  many  points  the  rocks  of  the  upper  series 
can  be  seen  occupying  the  old  channels  that  were  eroded  in  the 
lower  during  this  long  interval. 

Of  the  lower  series  there  are  present  the  Augusta  and  the  Saint 
Louis  stages,  and  of  the  upper  the  sandstones  of  the  Des  Moines. 
Of  the  Augusta  stage  in  Henry  county  there  is  exposed  but  the 
upper  part  which  is  known  as  the  Keokuk  sub-stage. 

Lower  Carboniferous  or  Mississippian  Series. 

KEOKUK   LIMESTONE. 

The  name  Keokuk  is  applied  to  tliis  assemblage  of  strata  from 
the  fact  that  in  the  bluffs  of  the  Mississippi  river  at  the  city  of 
Keokuk  these  rocks  have  a  greater  development  and  are  better 
exposed  than  at  any  other  point  within  the  state. 

The  Keokuk  limestone  occupies  but  a  limited  area  in  Iowa.  It 
is  found  only  in  the  counties  of  Lee,  Van  Buren,  Henry  and  Des 
Moines,  and  rapidly  thins  out  towards  the  north  from  the  city  of 
Keokuk. 

As  it  is  exposed  in  Henry  county  the  Keokuk  limestone  pre- 
sents two  distinct  pliases  conveniently  designated  as  the  upper 
and  the  lower.  The  lower  phase  consists  of  about  twenty-five  feet 
of  limestone,  made  up  of  layers  of  unequal  thickness  and  of  vary- 
ing degrees  of  hardness.  Very  often  these  layers  are  interstrat- 
ified  with  bands  of  rather  soft  bluish  colored  shale.  The  beds 
are  fossiliferous  throughout  their  entire  thickness. 

The  upper  lAase,  called  the  geode  shales,  consists  of  a  bed  of 
calcareous  shale  or  marl,  thirty  feet  in  depth.  Within  this  softer 
material  are  imbedded  great  numbers  of  siliceous  geodes,  whose 
cavities  are  lined  with  beautiful  crystals  of  quartz  or  of  carbon- 
ate of  calcium.  This  bed  contains  no  fossils.  The  lower  phase,  as 
it    appears    at   Keokuk,    has    been    described  bv    Owen  under 
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the  name  of  the  ** Lower  Archimedes  Limestone"*  and 
he  refers  the  geode  beds  to  another  series  of  the  Carboniferous. 
In  his  report  on  the  Geology  of  Iowa,f  James  Hall  includes  both 
of  these  members  in  the  Keokuk  limestone,  making  the  geode 
shales  the  well  marked  upper  limit  for  the  Keokuk,  as  does  also 
Dr.  C.  A.  White,  J  who  wrote  a  dozen  years  after.  The  later 
writei's  on  the  geology  of  Iowa  have  followed  the  classification 
of  Hall  in  this  regard,  and  that  arrangement  will  be  adhered  to 
in  the  present  work. 

Typical  Exposures.— 'Exposures  of  the  rocks  of  this  age  are 
found  only  in  the  southern  portion  of  the  county.  They  outcrop 
in  the  bed  of  the  streams  or  appear  for  a  few  feet  in  height  along 
their  banks.  They  form  the  surface  rocks  at  only  a  few  points, 
and  in  such  places  seem  to  appear  in  the  anticlines  of  gentle  folds. 

One  of  the  best  exposures  of  the  lower  phase  of  the  Keokuk 
limestone  within  the  area  is  seen  along  a  small  stream  that  flows 
into  the  Skunk  river  from  the  south,  a  short  distance  above  Web- 
ster's  mill,  in  section  4  of  Jackson  township.  On  following  down 
the  bed  of  this  stream  from  a  spring,  about  one  and  a  half  miles 
above  its  mouth,  one  first  passes  over  layers  of  brown,  magnesian 
limestone  which  contain  the  fossil  Lithostrotion  canadense,  Cast. 
The  presence  of  this  fossil  marks  a  definite  horizon  near  the  base 
of  the  Saint  Louis  stage  wherever  in  the  county  these  rocks  may 
be  exposed.  About  one-half  mile  from  the  spring  there  is  an 
abrupt  change  in  the  character  of  the  rocks.  The  brown  magne- 
sian limestone  gives  place  to  light  gray  crinoidal  layers  which 
contain  numerous  fossils.  An  exposure  in  a  low  bluflf  at  this 
point  shows  the  following  section: 

FflBT.    INCHES. 

5.  Clay,  reddish  in  color,  containing  an  abun- 
dance of  gravel 4 

4.     Brown,    magnesian   limestone,    uon-fossilif- 

eroiis 2 

3.  Layer  of  light  gray  crinoidal  limestone 
containing  the  spiral  axes  of  Archimedes  ^ 
Zaphrentis  daiei  and  Spirifer  sudor bicu- 
laris   8 

2.  Thin  layer  of  yellowish,  fine-grained  lime- 
stone which  contains  large  fish  teeth....  3 

1.     Bed  of  rather  soft,  bluish  gray  shale 10 

*0wen:    Geol.  Surv.  Wis.,  Iowa  and  Miao. ,  pp.  91-96.     x8sa. 
t  Hall:    Geol.  Iowa,  Vol.  I,  pt.  i,  pp.  94-96-     i^SS. 
ZL.  4  White:    Geol.  Iowa,  Vol.  I,  pp.  aio-aia.    1870. 
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In  the  above  section  number  5  is  Kansan  drift,  leached  and 
iron  stained.  The  reddish  color  is  due  to  the  oxidization  of  its  iron 
from  the  form  of  ferrous  carbonate  or  oxide  to  the  ferric  condi- 
tion of  the  oxide.  Number  4  belongs  to  the  lower  portion  of  the 
Saint  Louis  stage.  It  is  fine-grained  and  dolomitic,  reacting 
but  slowly  with  cold  hydrochloric  acid,  and  contains  no  fossils. 
Number  3  is  a  gray  limestone,  containing  numerous  fragments 
of  crinoid  stems,  together  with  the  remains  of  Archimedes  owen- 
anus  Hall,  and  numerous  other  Fenestelloid  Bryozoans,  a  large  un- 
determined sjjecies  of  Zaphrentis,  besides  Zaphrentis  dalei,  Spir- 
ifer  suborbicularis,  and  an  undetermined  form  of  Spiriferina* 
This  layer  belongs  to  the  Keokuk  sub-stage  and  marks  the  contact 
between  the  Saint  Louis  and  the  Keokuk  limestone  at  this  place. 
Number  2  is  a  very  narrow  layer,  weathering  to  a  yellowish  color^ 
and  containing  large  teetli  belonging  to  the  Selachian  type  of 
fishes,  among  which  the  following  are  conspicuous :    . 

Sandalodus   hecisifimns  N.  &  W. 

Deltodus  spatulatus  N.  &  W. 

Deltodus  occidentalis  Leidy. 
The  lower  member  of  the  section  is  a  soft  shale  in  which  there 
are  but  few  fossils  preserv^ed.    Continuing  down,  the  stream  from 
this  point  the  following  succession  of  layers  is  passed  over: 

FBBT.    INCHES. 

12.  Layer  of  very  fossdliferous  crinoidal  lime- 
stone containing"  Bryozoa,  Zaphrentis  and 

Spirif er   4 

11.     Layer  of  soft,  bluish  gray  shale 1  4 

10.  Thinly  bedded  limestone,  weathering  into 
thin  shaly  fragments  and  containing 
numerous   imperfect    fossils    4  2 

9.     Bed  pi  shale  similar  to  number  11   above.     1  6 

8.     Gray,      fossiliferous      limestone,      coarsely 

granular 10 

7.     Layer  of  shale  re&embling  numbers  11  and  9 

above  2 

6.  Gray,  shaly  limestone,  weathering  easily, 
and  crowded  with  fossils.  Platyceras 
equilaterale ^  Spirifer  keokuk^  S.  tenuicos- 
tatus  and  Phillipsia    sp 11 

5.     Shaly  beds  containing  numerous  Bryozoans 
and  Brachiopods,  a  narrow  band  near  the 
top  crowded  with  small  fish  teeth 3 


^^ 
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Win?  PiiilJif^i^  f^-.^ril'-.'tlL    X^^r  tV  xi)^}vr  )>*u  of  0^  MK^wil^jf 
member,  number  5,  is  a  tiarn^w  b^ihl  f\Mir  UK'^htNS  in  ihu^kiw^sfe^ 
whioh  contains  gi>eat  numbers  of  !isl\  t^tvUu  itK^huiu\jt  s^Hvios^  of 
t>rcidT2s,  Cladodos.   PoeoiKxius.  OlnMnaUniw^s  HoKxJws  hiuI  IV^Uo 
dns-    The  teeth  are  so  tliioklv  on^w^Kni  in  Uus  Uiirnnv  l^v^^r  llu^t 
they  give   to  it  a   dark«   moiiKHi  apiH^iraiuv    whioh    iHnxIr^?^!?* 
strongly  with  the  bluish  gray  of  tho  pnHHnUug  hiuI  Uh^  s\u\H^HUnjt 
beds-    Numbers  2,  3  and  4  are  all  very  ft>ssilU\M\Mi5i.  ^HM^fainiiv^ 
Zaphreniis  datei,  Z.  c^^u/rci/iV,  an  undetenuiiUHl  sjHvitvs  of  i^^^h 
rentis  larger  than  either  of  the  alH>ve.  Ihrho^^  ktokHk\  Pi\^%i^%'t^is 
punctatus,  P.  setigerus,  PiO(hutu.<  s\\  Ditlihsma  tin%ihl%K  IK  fo^ 
mosa,  Spirifer  te9iukoi^tattu<,  S.  fK^vufiolhu'%itii><,  N.  kYx^k^d\  S, 
suborbicutaris,  S.  iirglecto,  Siiiiiigothfiii^  ttwtus,  Athens  |»/iMr 
osulcafa  (f)  aud  Mi^nliua  kcokiik. 

The  assemblage  of  fossils  given  above  inv  eharaoteristio  ot  the 
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Keokuk  limestone  and  indicate  that  geol<^eal  horizon  at  this 
place. 

There  is  here  exposed  along  the  stream  and  in  the  bluff  a 
thickness  of  twentj'-seven  feet  of  the  lower  phase  of  the  Keokuk 
limestone.  The  contact  of  the  Saint  Louis  and  the  Keokuk  is 
plainly  marked  and  well  exposed,  but  the  bed  of  geode  shales 
which  overlies  this  limestone  further  south  is  entirely  wanting  at 
this  point.  The  Archimedes  bearing  phase  here  succeeds  the 
lower  member  of  the  Saint  Louis  stage  without  a  trace  of  geode 
development. 

THE  GEODE  SHALES. 

In  section  22  of  Baltimore  township  tliere  is  exposed  in  the  east 
bank  of  Mud  creek  a  bed  of  geode  bearing  shales  thirty  feet  in 
thickness.    The  shale  is  calcareous,  grayish  blue  in  color  and  so 


Fia.  44.     Eipoxuri-  of  Et-okuk  Umt'^tuu.-  uii  Hud  c-rii-k.  BHl1imr>ri-  lon-iuhlp. 

soft  that  it  crumbles  rapidly  on  exposure  to  the  weather,  thus 
releasing  the  numerous  rounded  or  irregularly  shaped  nodules 
whicii  it  contains.  These  concretions  are  usually  siliceous  and 
are  generally  hollow.    The  cavities  are  lined  with  quartz  in  the 
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fonn  of  bright,  transparent  crystals,  or  of  waxy  wliito  or  gray 
■chalcedony,  or  they  are  studded  with  clear  colorless  cryatals  of 
carbonate  of  calcium.  Very  often  there  is  found  in  a  cavity, 
besides  the  principal  mineral  which  lines  it,  HinKlu  crystals  of 
lead  or  zinc  sulphide,  or  of  iron  pyrites,  or  again  if  tlic  geodo  is 
of  quartz  it  may  contain  a  large  crystal  of  calcit^t,  (Jreat  niiaii- 
titles  of  these  geodes  have  weathered  out  of  tlie  bluff  and  lino  the 
bed  of  the  stream  from  this  point  to  its  junction  witli  llio  Kkunk 
river  a  mile  below.  Mud  creek  has  attained  not  a  stnull  degree  of 
local  celebrity  on  account  of  the  nundwr  and  [wrfwition  and  the 
heantj-  of  its  geodes.  Ornamental  inoundx  of  tlni»ie  (ionrrretioiw, 
their  exposed  cavities  studded  with  shining  crystals,  may  Ixt  tt«en 
on  the  lawns  of  the  lovers  of  beauty  even  to  tlie  fartlii'st  liriiitu  of 
the  count>-. 

On  passing  still  farther  up  the  ereek  tlie  tiarder  lirnestowf  \hhU 
of  the  lower  phase  are  encountered.  Thr(;<*-f]uarti!rs  of  a  ritil'« 
above  the  geode  bluff  a  low  ledge  on  tlie  we«t  side  of  Uu;  stream 
rises  twelve  feet  above  the  water's  e<ige,  hut  it  is  ovtfrlain  by  ivt 
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geode  shales,  nor  do  any  geodes  appear  in  the  bed  of  the  creek 
between  the  two  points,  not  at  any  point  further  up  tlie  stream » 
The  section  here  exposed  shows  hard  layers  of  limestone  alter- 
nating with  softer  bands  of  shale,  but  it  was  impossible  to  cor- 
relate the  different  layers  with  those  exposed  near  Webster's 
mill  with  any  degree  of  certainty.  Many  of  the  fossils  contained 
in  these  beds  are  identical  with  those  of  the  Webster's  mill  sec- 
tion, which  would  indicate  that  these  rocks  also  belong  to  the 
lower  phase  of  the  Keokuk  limestone,  but  whether  they  occur 
above  or  below  those  exposed  in  Jackson  township,  or  whether 
they  represent  a  slightly  different  development  of  the  same  beds 
was  not  fully  determined.  The  similarity  of  the  fossils  in  th^ 
two  exposures  would  make  tlie  latter  view  seem  the  more  proba- 
ble. The  geode  bearing  shale  outcrops  again  below  tliis  point  in 
the  bank  of  Mud  creek  at  the  west  end  of  the  wagon  bridge  which 
crosses  that  stream  about  one  mile  east  of  Lowell.  At  this  point 
the  underlying  rocks  are  not  exposed  but  the  shales  are  covered 
by  a  bluff  of  brown,  magnesian  limestone  thirty  feet  in  height. 
Once  more  these  beds  appear  a  few  feet  above  low  water  in  the 
south  bank  of  Skunk  river  near  the  old  Boylston  mill,  and  again 
they  are  seen  in  a  bank  on  the  fann  owned  bv  Mr.  Annour,  a  few 
miles  east  from  the  latter  exposure.  These  are  the  only  places 
where  tlie  rocks  belonging  to  the  Keokuk  sub-stage  are  known  to 
outcrop  within  the  county,  and,  as  may  be  seen,  they  are  confined 
to  the  southern  portion.  They  appear  at  no  definite  level,  nor  are 
they  exjx)sed  over  any  continuous  area.  The  geode  bearing  phase 
was  probably  developed  but  locally  over  this  region,  as  the  above 
exposures  mark  the  northern  margin  of  those  shales  within  the 
state.  The  rocks  of  the  lower  phase  of  the  Keokuk  limestone 
probably  owe  their  appearance  near  the  surface  at  points  widely 
separated  and  at  different  levels,  to  the  gentle  folding  of  the 
strata  over  this  area.  The  following  is  a  general  section  of  the 
rocks  of  the  Keokuk  sub-stage  as  they  are  developed  within  the 
countv : 
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4.    Beds  of  rather  soft,  calcareous  shale  be- 
comiii£^  harder  near  the  basal  portion, 
containing'  numerous  geodes  throughout 
its  entire  thickness 30 

3.    Layers  of  crinoidal   limestone   alternating 

with  bands  of  shale.    The  harder  layers 

containing    teeth  of  Sandalodus  and  Del- 

todus,    besides    the    fossils*     Atchimedes 

awenanuSt    Zapkreniis  dalei^  and  Spiriter 

keokuk,. 10 

2.    Beds   of  soft,   fissile     limestone     interlaid 
with  thicker  beds  of  shale.    Near  the  top 
of  this  member  is  a  narrow  layer  of  lime- 
stone crowded  with   teeth   of   Cladodus, 
Orodus,      Chomatodus      and      Poecilodus. 
Great  numbers   of  the   following  forms 
are  present  throughout  the  beds.  Spiri- 
fer     tenuicoitatus  ^      Athyris^     Platyceras 
and    Phillipsia C 

1.    Layers   of  hard  limestone    containing    nu- 
merous chert  nodules  near  the  central  por- 
tion.    Fossils   abundant,    including  Der- 
bya^  ProducluSt  Dielastna,  Spiri fer^  Aiky- 
ris  and  Myalina 11 

Tiie  fauna  of  the  Keokuk  limestone  is  of  general  interest  on 
account  of  both  the  number  and  the  variety  of  its  forms.  The  fol- 
lowing list  of  the  more  common  species  will  convey  some  idea  of 
the  lypes  which  j^eopled  the  waters  of  those  old  Carboniferous 
seas. 

Pahvacis   obtusus  M.  &  W. 

Zaphrentis  varsoviensis  Worthen. 

Z.  centralis  E.  &  H. 

Z.  dalei  E.  &  K. 

Actinotrypa  pecnliaris  Rom. 

Ghjptopora  elegaus  Prout. 

Drymopora  sp. 

Derby  a  heokuk  Hall. 

Product  us  pun  ct  at  us  Martin. 

P.  setigerns  Hall. 

Productus  sp. 

Camarophoria  subtrigona  M.  &  W. 

Dielasma  turgida  Hall. 
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D.  formosa  Hall. 

Spiriferina  sp. 

Spirifer  logani  Hall. 

S,  keokuk  Hall. 

S.  tenuicostatus  Hall. 

S.  siiborbicularis  Hall. 

S.  pseudolineata  Hall. 

S.  neglectus  Hall. 

Syringothyris  textus  Hall. 

Athyris  {Seminula)  hirsuta  (?)  Hall. 

Athyris  {Seminula)  plandsulcata  (?)  Phillips. 

Myalina  keokuk  Worthen. 

Phillipsia  portlocki  (?)  M.  &  W. 

Sandalodus  hfvissimus  N.  &  W. 

Orodus  ornatissimus  N.  &  W. 

Cladodus  magnificus  Tuomey. 

Cladodus  sp. 

Deltodus  spatulatus  N.  &  W. 

D.  occidentalis  (?)  Leidy. 

Pa*cUodus  rugosus  N.  &  W. 

Chomatodus  sp. 

Helodus  sp. 

The  AVarsaw  shales  and  limestones  described  bv  Gordon*  in 
Van  Buren  county,  and  by  Keyesf  in  Lee,  are  entirely  absent  in^ 
Henrj'.  The  brown  magnesian  limestone,  which  occurs  at  the 
base  of  the  Saint  Louis  stage,  immediately  overlies  the  Keokuk 
wherever  the  contact  between  those  beds  is  seen. 

THE  SAINT  LOUIS  LIMESTONE. 

The  rocks  of  the  Saint  Louis  stage  immediately  underlie  the 
drift  over  all  of  this  region,  except  in  the  very  limited  areas, 

above  described,  where  the  rocks  of  the  Keokuk  sub-stage  appear 

at  the  surface,  or  where  the  Saint  Louis  limestone  is  overlain  by 

the  sandstone  of  the  Upper  Carboniferous  series.    The  strata  of 

the    Saint    Louis    are     composed    of    limestones,     sandstones 

and  shales.  They  present  three  distinctly  marked  phases  or  divis- 

•  Iowa  Geol.  Surv. ,  Vol.  IV,  p.  213. 
tlowaGeol.  Surv.,  Vol.  HI,  p.  344. 


THE    SAINT    LOUIS    LIMESTONE.  263 

ions  which  can  be  readily  recognized  by  their  lithological  char- 
acters wherever  these  rocks  are  exposed.  The  divisions  may  be 
referred  to  as  the  lower,  middle  and  upper  beds. 

The  first  or  lower  phase  consists  of  magnesian  limestones,  usu- 
ally occurring  in  massive  layers.  They  are  rather  finegrained 
in  texture,  yellowish  brown  in  color,  and  dolomitic  in  character, 
showing  but  slight  action  when  treated  with  cold  hydrochloric 
acid.  These  beds  are  characterized  by  the  presence  of  the  coral 
Lithostrotion  canadense  Cast.,  in  its  closely  growing,  massive 
form  and  silicified  condition.  In  some  places  they  contain  casts 
and  impressions  of  other  fossils  in  abundance  but  these  are  usu- 
ally too  imperfectly  preserved  for  identification.  The  thickness 
of  this  division  varies  from  over  thirty  feet  in  the  southeastern 
comer  of  the  county,  near  Lowell,  to  less  than  fifteen  feet  further 
north  and  west.  In  the  western  portion  of  the  county  these  layers 
become  somewhat  sandy  in  composition  but  even  here  the  magne- 
sian character  still  predominates  and  the  yellowish  brown  appear- 
ance is  maintained. 

This  division  includes  the  upper  member  of  the  Warsaw  lime- 
stone as  defined  by  Hall,*  and  corresponds  with  the  arenaeeo- 
magnesian  beds  of  Gordon  in  Van  Burenf  county,  and  to  the 
Springvale  beds  of  Bain  in  the  counties  of  Keokuk:}: and  Wash- 
ington. § 

The  second  or  middle  division  is  recognized  by  the  extreme 

variableness  of  its  beds  and  its  generally  disturbed  condition.    It 

consists  of  irregular  layers  of  sandstones  and  shales  with  an  occa- 
sional bed  of  brecciated  limestone  near  the  upj>er  iX)rtiou.    It  is 

a  record  of  a  time  of  great  disturbance  and  of  rapidly  changing 
conditions.  It  is  for  the  most  part  a  dejx)sit  near  the  margin  of 
some  troubled  sea.  The  presence  of  local  layers  which  thin  out 
rapidly  within  a  short  distance,  the  ix)ckets  of  sand  and  shale, 
the  numerous  lenticular  beds,  and  the  general  irregular  ai)i>ear- 
ance  of  the  strata  indicate  a  vigorous  wave  action.  The  ripple 
marks  which  are  beautifully  preserv^ed  in  the  sandstone  at  numer- 
ous points,  and  the  local  development  of  oolitic  limestone  testify 
to  the  close  jjroximit}'  of  an  old  shore  line.    The  brecciated  phase 

•  Hall:  Gm>L  of  Iowa.  Vol  I.  pt.  x.  p.  97      iSsS. 
tlowaGeol.  Surr.    Vol.    IV,  p.  aiS- 
i  Ibid,  Vol   IV,  p.  177. 
I  Ibid,  Vol.  V.  p.  mK. 
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D.  formosa  Hall. 

Spiriferina  sp. 

Spirifer  logani  Hall. 

S,  keokuk  Hall. 

S.  tenuicostatus  Hall. 

8.  ^'iub orbicularis  Hall. 

S.  pseudolineata  Hall. 

S.  neglectus  Hall. 

Syringothyris  textus  Hall. 

Athyris  {Seminula)  hirsuta  (!)  Hall. 

Athyris  (Seminula)  plandsulcata  (!)  Phillips. 

Myalina  keokuk  Worthen. 

Phillipsia  portlocki  (?)  M.  &  W. 

Sandalodus  la^visshnus  N.  &  W. 

Orodus  ornatissimus  N.  &  \V. 

Cladodus  magnificus  Tuomey. 

Cladodus  sp. 

Deltodus  spatulatus  N.  &  W. 

D.  occidentalis  (!)  Leidy. 

Pcecilodus  rugosus  N.  &  W. 

Chomatodus  sp. 

Ilelodus  sp. 

The  AVarsaw  shales  and  limestones  described  bv  Gordon*  in 
Van  Buren  county,  and  by  Keyesf  in  Lee,  are  entirely  absent  \rt 
Henr}'.  The  brown  magnesian  limestone,  which  occurs  at  the 
base  of  the  Saint  Louis  stage,  immediately  overlies  the  Keokuk 
wherever  the  contact  between  those  beds  is  seen. 

THE  SAINT  LOUIS  LIMESTONE. 

The  rocks  of  the  Saint  Louis  stage  immediately  underlie  the 
drift  over  all  of  this  region,  except  in  the  very  limited  areas, 

above  described,  where  the  rocks  of  the  Keokuk  sub-stage  appear 

at  the  surface,  or  where  the  Saint  Louis  limestone  is  overlain  by 

the  sandstone  of  the  XIf)per  Carboniferous  series.    The  strata  of 

the    Saint    Louis    are     composed    of    limestones,     sandstones 

and  shales.  They  present  three  distinctly  marked  phases  or  divis- 

•  Iowa  Geol.  Surv. ,  Vol.  IV,  p.  ai3. 
tlowaGeol.  Surv.,  Vol.  Ill,  p.  344. 
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ions  which  can  be  readily  recognized  by  their  lithological  char- 
acters wherever  these  rocks  are  exposed.  The  divisions  may  be 
referred  to  as  the  lower,  middle  and  upper  beds. 

The  first  or  lower  phase  consists  of  magnesian  limestones,  usu- 
ally occurring  in  massive  layers.  They  are  rather  fine-grained 
in  texture,  yellowish  brown  in  color,  and  dolomitic  in  character, 
showing  but  slight  action  when  treated  with  cold  hydrochloric 
acid.  These  beds  are  characterized  by  the  presence  of  the  coral 
Lithostrotion  canadense  Cast.,  in  its  closely  growing,  massive 
form  and  silicified  condition.  In  some  places  they  contain  casts 
and  impressions  of  other  fossils  in  abundance  but  these  are  usu- 
ally too  imperfectly  presen^^ed  for  identification.  The  thickness 
of  this  division  varies  from  over  thirty  feet  in  the  southeastern 
comer  of  the  county,  near  Lowell,  to  less  than  fifteen  feet  further 
north  and  west.  In  the  western  portion  of  the  county  these  layers 
become  somewhat  sandy  in  composition  but  even  here  the  magne- 
sian  character  still  predominates  and  the  yellowish  brown  appear- 
ance is  maintained. 

This  division  includes  the  upper  member  of  the  Warsaw  lime- 
stone as  defined  by  Hall,*  and  corresponds  with  the  arenaceo- 
magnesian  beds  of  Gordon  in  Van  Burenf  county,  and  to  the 
Springvale  beds  of  Bain  in  the  counties  of  Keokuk  J  and  Wasli- 
ington.§ 

The  second  or  middle  division  is  recognized  by  the  extreme 

variableness  of  its  beds  and  its  generally  disturbed  condition.    It 

consists  of  irregular  layers  of  sandstones  and  shales  with  an  occa- 
sional bed  of  breociated  limestone  near  the  upper  portion.    It  is 

a  record  of  a  time  of  great  disturbance  and  of  rapidly  changing 
conditions.  It  is  for  the  most  part  a  deposit  near  the  margin  of 
some  troubled  sea.  The  presence  of  local  layers  which  thin  out 
rapidly  within  a  short  distance,  the  pockets  of  sand  and  shale, 
the  numerous  lenticular  beds,  and  the  general  irregular  appear- 
ance of  the  strata  indicate  a  vigorous  wave  action.  The  ripple 
marks  which  are  beautifully  preserved  in  the  sandstone  at  numer- 
ous points,  and  the  local  development  of  oolitic  limestone  testify 
to  the  close  proximity  of  an  old  shore  line.    The  brecciated  phase 

*  Hall:  Gdol.  of  Iowa,  Vol.  I.  pt.  x,  p.  97-     i8s8. 
t  Iowa  Geol.  Surv.    Vol.    Iv,  p.  ais. 
t  Ibid,  Vol   IV,  p.  177. 
i  Ibid,  Vol.  V,  p.  X48. 
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D.  formosa  Hall. 

Spiriferina  sp. 

Spirifer  logani  Hall. 

8,  keokuk  Hall. 

S.  tenuicostatus  Hall. 

S.  stib orbicularis  Hall. 

S.  pseudolmeata  Hall. 

S.  neglectus  Hall. 

Syringothyris  textus  Hall. 

Athyris  {Seminula)  hirsuta  (?)  Hall. 

Athyris  {Seminula)  planosulcata  (?)  Phillips. 

Myalina  keokuk  Wortheii. 

Phillipsia  portlocki  {?)  M.  &  W. 

Sandalodus  hfvissimus  ^.  &  W. 

Orodus  ornatissimus  N.  &  W. 

Cladodus  magnificus  Tuomey. 

Cladodus  sp. 

Deltodus  spatulatus  N.  &  W. 

i).  occidentalis  (?)  Leidy. 

Pwcilodus  rugosus  N.  &  W. 

Chomatodus  sp. 

Helodus  sp. 

The  AVarsaw  shales  and  liinestoues  described  bv  Gordon*  in 
Van  Buren  county,  and  by  Keyesf  in  Lee,  are  entirely  absent  in^ 
Henry.  The  brown  niagnesian  limestone,  which  occurs  at  the 
base  of  the  Saint  Louis  stage,  immediately  overlies  the  Keokuk 
wherever  the  contact  between  those  beds  is  seen. 

THE  SAINT  LOUIS  LIMESTONE. 

The  rocks  of  the  Saint  Louis  stage  immediately  underlie  the 
drift  over  all  of  this  region,  except  in  tlie  very  limited  areas, 

above  described,  where  the  rocks  of  the  Keokuk  sub-stage  appear 

at  the  surface,  or  where  the  Saint  Louis  limestone  is  overlain  by 

the  sandstone  of  the  Upper  Carboniferous  series.    The  strata  of 

the    Saint    Louis    are     composed    of    limestones,     sandstones 

and  shales.  They  present  three  distinctly  marked  phases  or  divis- 

•  Iowa  Geol.  Surv. ,  Vol.  IV,  p.  ai3. 
tlowaGeol.  Surv.,  Vol.  Ill,  p.  344. 
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ions  which  can  be  readily  recognized  by  their  lithological  char- 
acters wherever  these  rocks  are  exposed.  The  divisions  may  be 
referred  to  as  the  lower,  middle  and  upper  beds. 

The  first  or  lower  phase  consists  of  magnesian  limestones,  usu- 
ally occurring  in  massive  layers.  They  are  rather  finegrained 
in  texture,  yellowish  brown  in  color,  and  dolomitic  in  character, 
showing  but  slight  action  when  treated  with  cold  hydrochloric 
acid.  These  beds  are  characterized  by  the  presence  of  the  coral 
Lithostrotion  canadense  Cast.,  in  its  closely  growing,  massive 
form  and  silicified  condition.  In  some  places  they  contain  casts 
and  impressions  of  other  fossils  in  abundance  but  these  are  usu- 
ally too  imperfectly  preserved  for  identification.  The  thickness 
of  this  division  varies  from  over  thirty  feet  in  the  southeastern 
comer  of  the  county,  near  Lowell,  to  less  than  fifteen  feet  further 
north  and  west.  In  the  western  portion  of  the  county  these  layers 
become  somewhat  sandy  in  composition  but  even  here  the  magne- 
sian  character  still  predominates  and  the  yellowish  brown  appear- 
ance is  maintained. 

This  division  includes  the  upper  member  of  the  Warsaw  lime- 
stone as  defined  by  Hall,*  and  corresponds  with  the  arenaceo- 
magnesian  beds  of  Gordon  in  Van  Burenf  county,  and  to  the 
Springvale  beds  of  Bain  in  the  counties  of  Keokuk  J  and  Wash- 
ington.§ 

The  second  or  middle  division  is  recognized  by  the  extreme 

variableness  of  its  beds  and  its  generally  disturbed  condition.    It 

consists  of  irregular  layers  of  sandstones  and  shales  with  an  occa- 
sional bed  of  breociated  limestone  near  the  upper  portion.    It  is 

a  record  of  a  time  of  great  disturbance  and  of  rapidly  changing 
conditions.  It  is  for  the  most  part  a  deposit  near  the  margin  of 
some  troubled  sea.  The  presence  of  local  layers  which  thin  out 
rapidly  within  a  short  distance,  the  pockets  of  sand  and  shale, 
the  numerous  lenticular  beds,  and  the  general  irregular  appear- 
ance of  the  strata  indicate  a  vigorous  wave  action.  The  ripple 
marks  which  are  beautifully  preserved  in  the  sandstone  at  numer- 
ous points,  and  the  local  development  of  oolitic  limestone  testify 
to  the  close  proximity  of  an  old  shore  line.    The  brecciatcd  phase 

*  Hall:  Gdol.  of  Iowa,  Vol.  I.  pt.  i,  p.  97.     i8s8. 
■  lowaGeAl.  Surv.    Vol.    IV,  p.  ais. 

Ibid,  Vol   IV,  p.  aw. 

Ibid,  Vol.  V,  p.  148. 
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is  usually  represented  by  a  bed  of  shattered  limestone  of  variable 


thickness.  It  occurs  only  near  the  upiier  portion  of  the  division 
and  is  usually  associated  with  nodules  of  chert.  The  brecciated 
character  is  not  so  pronounced  over  this  area  as  it  is  in  the  neigh- 
boring counties  of  Van  Buren  and  Lee.  It  seldom  attains  any 
great  thickness  and  at  some  points  it  is  altogether  wanting, 
Througliout  much  the  greater  i)ortion  this  division  consists  of 
sandstones  interstratified  with  an  occasional  bed  of  shale  or  a 
thin  stratum  of  limestone.  The  latter  is  often  oolitic  in  character. 
Near  the  central  jiortion  there  occurs  a  band  of  flint,  twelve  to 
twenty  inches  in  thickness,  which  is  persistent  over  wide  areas 
at  this  horizon,  and  forms  one  of  the  distinguishing  features  of 
the  division. 

The  entire  thickness  of  the  deposits  which  constitute  the  middle 
phase  of  the  Saint  Louis  limestone  would  average  about  thirty 
feet,  but  at  a  few  localities  they  reach  a  depth  of  fifty,  and  are 
throughout  almost  wholly  barren  of  organic  remains.  This  divi- 
sion immediately  oi'erlies  tlie  magnesian  beds  above  described 


and  is  foQowed  by  the  regular  layers  of  white*  cv>mjvsiot  Uruetsitoue. 
It  correspoiHis  with  the  arenaceous  portion  referred  to  by  White^ 
in  diseiBsing  the  Saint  Louis  limestone.  It  is  the  e^juivalent  of 
the  Breceiated  Limestone  of  Gordon^  and  Kevos*;  and  of  the 
VenK  beds  of  Bain^  in  the  present  series  of  the  Iowa  Uei>lojrioal 
Surrey  reptorts. 

The  upper  division  of  the  Saint  Louis  stage  reci>rvls  a  more 
stable  condition  of  this  portion  of  the  earth  *s  crust  during  the 
period  of  its  deposition.  Its  rock  materials  were  laid  down  in 
deeper  waters  and  in  the  lower  portion  consist  of  unifonnly 
bedded*  light  gray  limestones^  very  compact,  and  containing  num> 
eroas  fossils  in  the  shalv  bands  between  the  lavers.  These  beds 
grade  upward  into  a  softer,  somewhat  shaly  deposit  which  weathers 
rapidly/ and  contains  an  abundance  of  fossils  in  a  gooil  state  of 
preservation.  The  strata  of  this  division  have  been  thrown  into 
gentle  folds,  but  the  disturbance  was  not  sufficient  to  cause  more 
than  a  slight  flexure  of  the  beds.  This  phase,  as  developeii  in 
Henrv  countv,  reaches  a  maximum  thickness  of  twentv  feet.  It 
is  distinguished  by  the  comjiact,  light  colored  limestones  arranged 
in  regular  layers  and  containing  the  fossils  RhinichoncUa  (Pug- 
nax)othimica,  Dielasma  turgida,  Spirifer  keokuk  and  AUorisma 
marionensis.  It  corresix)nds  with  the  gray  flag-like  limestone 
referred  to  by  Keyes  in  the  Des  Moines  county  report,  and  with 
the  compact  and  granular  limestone  of  Gordon  in  Van  Buren, 
and  with  the  Pel  la  l)eds  of  Bain  in  the  counties  of  Keokuk  and 
Washington  described  in  the  rei>oi-ts  above  cited.  Inasmuch  as 
Mr.  Bain  has  consistently  apj^lied  names  to  these  three  divisions 
as  they  appear  in  the  neighboring  counties  of  Keokuk  and  Wash- 
ington where  the  rocks  of  this  stage  attained  a  doveloi>n\ent  sonu^ 
what  similar  to  that  reached  in  Henry  county,  it  is  thought  best 
for  the  sake  of  unifonnitv  in  nomenclature  to  adhere  to  the 
names  proposed  by  him  for  these  divisions.  In  acconlaniv  with 
this  plan  the  lower,  middle  and  ui)per  phases  of  the  rocks  of  the 
Saint  Louis  stage  will  be  designated  as  the  Springvale,  Verdi 
and  Pella  beds  resi)ectively. 

The  Spring\^ale  division  takes  its  name  from  Springvale  mills, 

•  WhUe:    Geol.  Sarv.  of  Iowa.  Vol.  I,  p.  ai6.     1870. 
'  Gordon:    lawa  Geoi.  Surv.,  Vol.  IV,  p.  216 

Kejes:    Iowa  Geol.  Sury. .  Vol.  HI,   pp.  348-319. 

Bain:    Iowa  Geol.  Sarv  ,  Vol.  IV,  p   279  and  Vol.  V,  pp.  149-iSo. 

18  G  Rep 
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in  the  western  part  of  Keokuk  county,  where  the  rocks  of  thia 
phase  are  well  developed.  The  Verdi  quarries,  from  which  the- 
name  of  the  middle  division  was  taken,  are  found  in  the  southern 
part  of  Washington  county.  The  Pella  beds  owe  their  name  to. 
the  fact  that  rocks  of  this  phase  are  well  exposed  near  the  town 
of  Pella,  in  Marion  county. 


Fio.  tl.    EipOHart)  of  til 


it  IxralK  Ummtonp,  at  tbp  old  WInt 


The  characte  'sties  of  the  rocks  of  the  Saint  Louis  stage  as  a. 
whole,  togethei  with  those  which  distinguish  each  of  the  divi- 
sions, will  he  bi.st  understood  by  the  consideration  of  the  follow- 
ing exposures. 

The  old  Winter's  quarry,  which  is  located  in  the  south  bank  of 
a  small  stream  emptying  into  Big  creek  from  the  north,  near  the 
railroad  bridge  in  the  Se.  ^4  of  section  17,  Center  township,  shows 
the  following  section : 
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FEET. 

12.     Reddii'h  brown  clay,  containing  gravel  and 

small   bowlders    4 

11.  Soft,  shaly  limestone  of  gray  color,  weath- 
ering into  thin  fragments  and  containing 
numerous  remains  of  Ptoductus  margin^ 
ocmctus^  Rk\nchon€lla  ottumwa.  Die  las - 
maturgida^  Spirifer  keokuk^  Athyris  sub- 
quadrata  and  Allorisma  marionensis 6 

10.  Fine-grained,  compact  limestone  of  light 
gray  color,  layers  ten  to  twenty  inches 
in  thickness,  containing    Pfoduclus  tenui- 

ccsims    5 

9.  Evenly  bedded,  gray  limestone  in  layers 
two  to  eight  inches  in  thickness  con- 
taining the  fossils  khytichoiiella  ottutn- 
wa^  Dtelaima  turgida  and  Spit  if et  keo- 
kuk « 

8.  Narrow  layers  of  light  gray  flag-stones, 
two  to  four  inches  in  thickne.«j-:*.  Fossils 
similar  to  number  9  above   1 

7.  Undulating  layers  of  fine-grained  lime- 
stone, one  to  three  feet  in  thickness, 
containing  but    few  fossils    % 

6.  Fine-grained,  brecciated.  srray  limestone, 
non-fosfiliferous,  in  places  much  shat- 
tered         5 

5.     Layer   consisting   of   lentils    and   irregular 

beds  of  sandstones  and  shales ft 

4.  Beds  of  light  colored,  arenaceoris  lime- 
stones in  places  flexed  and  often  brec- 
ciated        ft 

3.    Layer  of  flint  in  the  form  of  a  band  rather 

than  that  of  nodules   1  ^ 

2.  Impure  limestone,  yellowish  in  color,  the 
upper  portion  in  thin  layers,  the  lower 
a  single  bed  three  feet  in  thicknes<» 4 

1.  Laminated  beds,  one  to  three  inrh^*  in 
thickness,  consisting  of  brown,  magne- 
aian  la  vers  alx>ve.  thin  larer*  of  oolitic 
limestone  in  the  central  p«'irtion  and 
arenaceo-magn^sian    Iime<»rone    l-^^Iow —     .* 

In  the  above  aeetion  narnber  1  rrontain.^  nameroiw  silieifSed  cor- 
alla  of  the  fossil  L'rtho.^trotion  rarnd^ff^^^  in  the  Ho^v  ^rrowin^ 
fornL  The  upper  snrfar^  of  thi.^  member  \s^  here  frxjff^s^  over  ao 
area  of  several  .^loare  rod*.  It  pre<*ent«4  nnmerorw  ronnded  eleva- 
tions two  to  fonr  feet  in  heii^ht  and  ten  to  twenty  feet  in  diameter. 


€ 
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These  elevations  appear  as  if  some  force  from  below  had  pushed 
the  strata  vertically  upward  at  those  points.  Many  of  the  layers, 
both  of  numbers  1  and  2,  show  beautiful  ripple  marks  which  are 
exposed  over  an  ai'ea  several  square  feet  in  extent  This  ripple 
marked  sandstone  as  well  as  the  bands  of  oolite  which  appear  in 
the  first  member  plainly  tell  us  that  this  was  the  site  of  an  ancient 
beach  at  the  time  these  rock  materials  were  laid  down.  Nimiber  3  is 
a  layer  of  almost  pure  flint.  A  few  rods  west  of  this  place,  across 
the  railroad  track,  there  is  exposed  in  corresponding  beds  a  second, 
band  of  chert,  two  feet  in  thickness,  about  four  feet  above  the  first. 
It  is  not  surprising  that  the  fossil  Litliostrotion  canadense  always 
occurs  in  a  silicified  condition  when  the  rocks  of  this  horizon  con- 
tained silica  in  such  quantities  as  to  make  possible  the  deposit  of 
these  bands  so  closely  overlying  the  beds  in  which  that  coral  is 
found.  The  heavy  layers  of  numbers  1  and  2  in  the  above  section, 
composed  of  magnesian  and  arenaceo-magnesian  limestone,  and 
containing  the  fossil  Lithostrotion  as  here  found,  represent  the 


Springvale  beds.  The  broken  and  iiTegular  layers  of  sandstones 
and  shales  together  with  tlie  brecciated  or  oolitic  beds  of  lime- 
stone, embracing  numbers  3  to  7  inclusive,  belong  to  the  Verdi 
phase;  while  numbers  8,  9,  10  and  11,  consisting  of  hard,  fine- 
grained, evenly  bedded  limestone  and  containing  numerous  fos- 
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sils,  as  given  above,  constitute  tlie  Pella  IkhIh  hh  tlu^y  an!  iloveh 
oped  within  the  county. 

In  a  quarry  belonging  to  Mf.  Levi  Parkiim,  on  tlu*  Houth  bank 
of  Little  Cedar  creek,  near  tlie  soutliweHt  (U)nu*v  of  hoHUhi  22^ 
Salem  township,  the  following  8uc(f<»HHi()n  of  InyovH  may  Im?  wum? 

6.     KeddiKh  colnre*!  day,  in   tliir  Iow«t  portion 

containing  gravel  anri  Mnall  bowM«M'»,.,  ^ 
5.     White,  comfia<'t,  fin*'-jfrain«*H   lirn<'t"ton*',   in 

la^'erH   eig'ht   to   twirlvi*   inrlM'H   in    tlii^'k- 

ness,  and  containing  the  foHHllHt/^Ayf/^/iofi' 

ella  oitumwa,  Dulasma  turgida,    SpirUer 

JUokuk  and  Altariima  martonentii 'J 

4.     Fine-^TainecJ   lifn<-»'t*/n*f   yniuWitr   to   umitktt-r 

5.  layens  three  to  Mr^^-n  iufUf^.  in  iUU'k- 

DeKK  and  >f*'|iarate'J  one  from  aitotU*'!'  hy 

a   clayey    Keani    of   ou*"Uii\i    to   one   ;i»i*/l 
ooe-balf    iMrbe>^.      'Vht^y^.    ^.MHttt*:    *ofiiHiu 

many  fot^iln  kimiistr  t//  stiisnif*'r  % '^ 

2.     \TV:ipi\skT   \3^y.r>   of   yeJiOVij»>ii    ttti*tr*'*\    Un- 

p^re  -ifce'ktoj:je^  one  af<»d  o/-»"i;;bJf  t/,  i  wy 

aad  oue-Jwiif  ^eet   >j   tii>>: ?-*-*•>.   tt'jfil'/*- 

v>^  <*5  eben  ^^ 

^     Layers  of  'x>J;li«.'   Jj?j>e*V/;j#-,   ti-e   ^f'<.:i*>   ot 

r*ilier  inrafe  tia&e    t 

1,     -%r«e!ieiiiei*?'>v«    ;jitiie>v>»jue   ji.      ifc>ef>      »*r\;JL./ 

frwtti  ti»*>  vr  ^jureie  ;iji*-i;e*  *'•  oi-e  f'^/t  Jl 

li:>.'iCXiet>fc.  *'r>i'-•^♦:C  v,-  'vi>e  %»*'>-♦•'»  e'.jr*- .  .      ;p  j 


Ik  tibe  aiicnr*-  t>fri*:liou  jjujj.*>:t  '>  i^  tij^  r^i<jJ*^;;  ^-^^ior^yj.  '/>  j/jjij^yj 
nr  oif  KjCDfias  drift-    Ti*^  uj.'j^r  j>^rt^oi:i.  v^  it^  ^i^-j/tl  '/f  ;iji//ut 

<rf  it  max  itfnr*r  W-jj  *ij«:»w;y  jiumju^  dw I'v^^tf  o  ff vi'j  U^:  juj^^i^jw" 

In  Hilt  ujijjeT  meuitjey  Ui*'  ^yMf>  jutr\>  t.  h^^ui^-w'ijttt  |f:f*5jiU?f  tui^ii: 
ll«Bi^  'tiiaii  iu  tu*-  ji>vf^  and  viti.  i*?r^  *nnnspl•ru*^lw^  titufy  ;4if^.i4;fc 

ifteiez«»  uf  iinr  J^elit  uedt  uutt  wiit  x'^'^f.  ^v  tu*iif  iitiit>ivg-*:^ 
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characters  and  the  fossils  which  they  contain.  They  yield  the  fol- 
lowing species  in  abundance:  Zaphrentis  pellaensis,  Productus 
marginocinctus,  P.  teniiicostus,  P.  ovatus,  RhyncJionella 
(Pugnax)  ottumwa,  Dielasma  turgida,  Spirifer  keokuk  and  Allo- 
risma  marionensis.  The  first  four  of  the  above  list  are  limited  to 
the  upper  member,  while  the  rest  persist  throughout  the  layers 
of  both.  These  two  members  correspond  to  numbers  8,  9  and 
the  lower  part  of  10  of  the  Winter's  quariy  exposure. 

Numbers  1,  2  and  3  in  the  above  section  contain  but  few  fossils. 
They  represent  the  Verdi  beds,  but  at  this  point  the  development 
is  somewhat  different  from  that  of  the  corresponding  phase  at 
Winter's  quarry,  on  Big  creek.  So  changeable,  indeed,  were  the 
conditions  during  the  deposition  of  the  materials  of  the  Verdi  divi- 
sion that  at  no  two  points  separated  by  even  one  mile  is  there 
found  the  same  succession  of  layers.  Number  3  contains  numer- 
ous  nodules  of  chert,  varying  in  size  from  a  few  inches  to  two 
or  three  feet  in  diameter.  These  nodules  are  imbedded  in  a  rather 
fina-^rained,  impure  limestone.  Layer  number  2  is  a  narrowband 
of  oolite.  The  development  of  oolitic  limestone  is  not  uncommon 
in  this  division  of  the  rocks  of  the  Saint  Louis  stage.  Very  often 
it  occurs  in  layers  much  thicker  than  that  of  number  2  above. 
The  sandstone  of  number  1  is  here  exposed  at  the  surface  near 
the  level  of  tlie  water,  and  presents  beautiful  ripple  marks  which 
may  be  traced  continuously  for  a  distance  of  seventy-five  feet. 

About  three  miles  southeast  of  the  Parkins'  quarry,  in  section 
35  of  Salem  township,  the  following  layers  outcrop  in  the  south 
bank  of  Little  Cedar  creek  near  tlie  Heniy  and  Lee  county  line : 

FEET. 

3.     Reddish  brown  clay,  containing^  gravel....     6 

2.  Two  layers  of  fine-grained,  yellowish  gray 
limestone,  each  about  sixteen  inches  in 
thickness  and  containing  numerous 
forms  of  Bryozoa,  Productus  tenuicostus^ 
P,  ovatus  t  Rhynchonella  ottumwa  ^  Dielas- 
ma turfrida  and  Spirifer  keokuk 2  f 

1.  Layers  of  light  gray  limestone,  three  to 
eight    inches     in    thickness,     containing 

numerous  individuals  of  Rhynchonella 
ottumwa^  Dielasma  turgida,  Spirifer  keo- 
kuk   and    Allorisma    marionensis 5 

In  ihe  above  section  number  2  corresponds  with  the  lower  per- 
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tion  of  number  10  of  the  Winter's  quarry  section,  and  it  imme- 
diately overlies  number  5,  of  Parkins'  quarry.  Number  3  corre- 
sponds with  number  9  of  the  Winter's  quarry  beds,  and  with  tlw 
upper  five  feet  of  the  Parkins'  quarry  exposure. 

In  the  Nw.  Vi  of  section  20,  of  .Tackson  township,  on  the  farm 
owned  by  Mr.  Ed.  Masden,  there  is  e.\jK)sed  in  a  ravine  the  fol- 
Jowing  layers: 

3.  Gray,  ahaly  betln.  very  fonHJliferouH,  con- 
taining in  abundance  Zaphrentit  patlaen- 
tis,  Khynchonetla  otiumwa,  Dielaima  tur- 
gida,  Spiriier  keokuk  and  Athyrii  lub- 
quadraia    3 

2.     Thicker,   fine-grained     layem.   harder    than 

the  above  and  containing  fewer  fofvilH..     3 

].  Evenly  bedded  layers  of  light  gray  lime- 
stone, the  iieaniB  between  the  layers 
crowded  with  the  fosailB  Hhyntkonella  ot- 
lunaoa,  Ditlaima  turgida,  Spirifer  keo- 
kuk and   Alloristna  h 


The  above  layers  also  represent  the  upper  fiortion  of  the  Fella 
heds.    Number  3  corresponds  with  the  lower  part  of  number  11 


nc  -M.    Tii-w  tbwiBV 
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of  the  Winter's  quarrj'-  section.  Number  2  is  the  equivalent  of 
number  10  in  the  same  exposure  and  of  number  2  of  the  section 
near  the  Henry  and  Lee  county  line.  Number  1  corresponds  with 
number  1  of  the  latter  section,  with  the  upper  portion  of  the  Par- 
kins '  quarry  section,  and  with  number  9  of  the  beds  at  \yinter  's 
quarry.  At  this  place  the  layers,  which  in  the  other  exposures 
above  cited,  have  a  horizontal  position,  are  inclined  at  an  angle 
of  nearly  45  ^.  The  exposure  is  in  the  arch  of  a  fold,  the  beds 
eloping  off  in  two  directions. 

In  the  eastern  part  of  section  6,  Baltimore  township,  there  is 
exposed  in  the  banks  of  Brush  creek,  just  north  of  the  wagon  road 
and  west  of  the  bridge,  the  following  succession  of  layers : 

FEET.    INCHES. 

9.    Clay,  containing-  gravel  and  s^mall  bowlders     6 

8.  Bands  of  shale  alternating  with  narrow 
layers  of  limestone;  the  entire  series 
weathering  rapidly  and  containing  numer- 
ous fossils,  among  which  the  follow- 
ing are  conspicuous:  Zaphrentis  pella- 
ensiSf  Productus  marginocinctus ,  Rhyn- 
chonella  ottumwa^  Dielastna^  turgida^ 
Spirifer  keokuk,  Athyris  subquadrata^ 
and    Ailorisftta    fna^ionensis 4 

7.  Layers  of  fine-grained,  evenly  bedded, 
white  limestone,  varying  in  thickness 
from  two  to  twelve  inches,  the  shaly  part- 
ings between  the  layers  one  to  two 
inches  in  thickness  and  crowded  with 
fossils' 9 

6.  Layer  of  very  compact,  fine-grained  lime- 
stone      10 

5.     Flagstone  layer  of  fine-grained,  light  gray 

limestone    6 

4.     Narrow  flagstone  layer   3 

3.  Hard,  fine-grained,  bluish  colored  lime- 
stone      4 

2.  Bed  of  soft  sandstone,  presenting  numer- 
ous' beautiful  examples  of  cross  bedding  12 

1.  A  bluff  of  disturbed  beds  of  sandstones  and 
shales,  much  broken  and  very  irregular, 
exposed  about  one  and  one-half  miles 
further  down  the  creek 45 

In  the  above  section  numbers  1  and  2  represent  the  Verdi  beds 
in  their  characteristic  disturbed  and  shattered  condition,  and 
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yield  no  fossils.  Number  1  consists,  for  tho  most  \\mU  of  ^i\\\\\' 
stones  interbedded  with  lentils  and  iHu»kots  of  sh«K\  \\\h\  o^hh^ 
sional  masses  of  brecciated  limestone.  In  the  lower  portion  wet^tf^ 
fomid  small  deposits  of  impure  coal  or  earl>oiuuHM>us  nuUerliU 
two  10  four  feet  in  length  and  one  to  two  ineht^s  in  lliiokno^H.  *riu* 
layers  at  this  point  are  too  cliangeal)le  and  disronlinunns  to  hi» 
correlated  with  those  of  any  known  expoHUivs  of  Hu*  \*oHli  IhmIih. 
Number  2  is  a  more  uniform  deposit  tlian  the  precMMlinjr.  hnt  In 
only  a  local  development.  Numbers  !?  to  H  in<*luHivp  eniljrnce  nil 
of  the  members  of  the  Pella  beds  in  tlieir  normal  condilinn.  At 
this  place  also  these  layers  are  slightly  flex(»(l,  as  may  ho  wnnn  In 
the  accompanying  photograph,  but  the  strata  am  not  inrlinod  at 
so  great  an  angle  as  they  are  in  the  exposnn?  on  the  farrti  of  Mr, 
Masden,  in  Jackson  townshif). 

In  the  east  bank  of  the  Skunk  riv(»r,  af)ont  one  mile  above  th^f 
old  ilillspaugh  mill,  in  section  30  of  Trent^m  townnhip,  i)w  fo\ 
lowing  succession  of  layers  may  be  w*en : 

frUKJ.  tm  titf^n, 
7.    Bed    of     fine-grained      impure?      Vitu^'nion^, 

somewhat    brecciated    and    (•Hrryin((    uo 

fossils ,   ...,.,,.,,.,,     T; 

6.    Bed  of  brownish  coloTfjl  shal^ '; 

5.    Lajer  made  up  of  flint  TtfffUtlf.^,  their  ift- 

terstices  filled   with    \%me%touf, ^ 

4-    Larer  of  arenare</fjA  \ttn*:%Umt:  mh'i^'h  //ff<^r» 

resembles   fffflit*:   ,,,,,,,  — ,,,,,. ^ . . 

3.    lAjer  of  variabEe  *And*fym^  m  ^U^^r^  hi^tfl 

azui  e^janwrt/  apr^ftnUr  i^Ml  i^^f^in  op  it.  I^  in 

a  ihfjfrt  (HaktAoe.^  if.  w^y  t***^  <<'>ff.  *n4  firt^*- 

.jprametl '. > 

2.    "Bed  fif(  ar«iuu».^r>-«'k*   llm^^frvn**    .x»irh    ^t%\t\-. 

sfUfcTl  fffacfipiu^u-r.-*  r-*-!*  ^h*»rr» i. 

^HrtOrt:  in  lAy'»r-*  f«vir  *a  ^i\T'*»*»T\  .ii^'h**?*  in 
ti&.ii»kui»3»#%.  (*nnr^\x\\w^  ivnm»»v<»MM  T.m*^- 
numTct  'if  '•rin*viii  rmnmtiw,  xt\t\  >%*.\\^v  *%«- 

wttinh    f«>nn»  \\f    Itr'^«'>5>r<^rt,    .^    y])<*f»i*»s    m* 


.'» 


fiiaular  m  t:lii^  ;^hov»*'  miofjit   hi*   mivlfipiiM    \^\    ^^vf^ry 
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the  rocks  of  the  lower  part  of  the  Verdi  division,  and  the  mem- 
bers are  the  equivalent  of  numbers  2  to  5  inclusive  of  Winter  *s 
•quany. 

Near  the  central  part  of  section  6,  Center  township,  a  very  in- 
structive section  is  exposed  on  the  east  bank  of  Big  creek.  This 
maj^  be  called  the  Center  township  exposure,  and  shows  the  fol- 
lowing beds: 

FEET.    INCHES. 

9.     Yellowish  brown  clay  containing"  gravels..     2 

8.  Bed  of  lig-ht  gray,  fine-grained,  non-fossilif- 
erous  limestone  in  layers  eight  to  six- 
teen inches  in  thickness 3  6 

7.  Narrow  band  of  clayey  marl  crowded  with 
the  casts  of  a  fossil  which  somewhat  re- 
sembles a  species  of  Athyris    4 

6.  Layer  of  hard  gray  limestone  without  fos- 
sils         2  6 

5.    Bed   of   light   colored     sandstone,     rather 

loose  and  incoherent  throughout    8 

4.    Layer  of  granular  limestone,  light  gray  in 

color,  and  containing  no  fossils 1  8 

3.  Bed  of  fine-grained,  yellowish  brown,  mag- 
nesian  limestone,  in  layers  four  to  six- 
teen inches  in  thickness;  non-fossilifer- 
ous 10 

2.  Bed  of  light  gray,  brecciated  limestone, 
mostly  fine-grained  and  in  places  much 
shattered  and  broken  15 

1.  Bed  of  brown,  impure  limestone  in  layers 
eight  to  twenty  inches  in  thickness,  con- 
taining silicified  coral  la  of  Liihosttotion 
canadense 4 

In  the  above  exposure  number  1  represents  the  upper  portion 
of  the  Springvale  division  of  the  Saint  Louis  stage. 

Mr.  Bain  says*  that  in  Washington  county  the  shaly  chai^icter 
of  the  Springvale  beds  becomes  the  more  prominent,  and  the 
diagnostic  fossil,  hithostrotxon  canadeyise,  is  rarely  found,  whilQ 
to  the  west  the  division  is  more  generally  represented  by  browji, 
earthy  limestones.  As  will  appear  in  the  sections  of  the  Saint 
Louis  limestone  in  Henry  county,  the  Springvale  division  consists 
of  brown,  magnesian  limestone  which  becomes  somewhat  arena- 
ceous in  places,  but  at  no  point,  except  at  the  isolated  exposiM-u 

•Bain:    Iowa  Geol.  Surv.,  Vol.  V,  p.  148. 
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near  Winfield,  does  the  shaly  character  above  mentioned  become 
conspicuous.  The  deevlopment  of  the  rocks  of  this  phase  is 
similar  to  that  found  in  Van  Buren  county  by  Mr.  Gorden*,  and 
the  horizon  is  always  distinguished  by  the  presence  of  tlie  fossil 
LitJiostrotion  canadense,  which  usually  occurs  in  its  massive  form 
and  silicified  condition. 

Numbers  2  to  8  inclusive  belong  to  the  Verdi  Ixfds.  The  suc- 
cessive layers  are  much  more  regular  at  this  point  than  they  are 
in  the  exposure  of  the  corresponding  phase  in  Baltimore  town- 
ship. The  former  beds  also  contain  a  much  larger  proportion  of 
limestone. 

Number  7  of  the  above  section  is  continuous  over  the  entire 
northeastern  portion  of  the  count}'  and  furnishes  a  valuable  means 
of  correlating  the  layers  of  this  division  in  exposures  so  widely 
separated  that  the  arrangement  and  tlie  degree  of  disturbance 
and  the  lithological  cliaracters  of  the  rocks  present  a  very  diflfer- 
ent  appearance. 

In  the  northern  part  of  section  3  of  Jefferson  township,  near 
the  Henry  and  Washington  county  line,  there  are  exposed  the 
following  layers  which  may  l)e  designated  as  the  Jefferson  town- 
ship section: 

FEET.    IKCHES. 

7.    Clay  containing'  gravel  and  small  bo  widens     4 

6.  Layers  of  light  gray  limestone,  two  to  four 
inches  in  thickness,  checked  with  nu- 
merouF  water  pasi^ages  and  containing 
no  fossils   3 

5.     Bed  of   fine-grained   sandstone,   light   gray 

in  color,  in  places  loose  and  incoherent . .     1  4 

4-  Layers-  of  light  gray  ljmest<>ne  ten  to  fif- 
teen inches  in  thickness,  without  fossils, 
and  containing  numerous  nodules  of 
chert 0 

Z.  Band  of  clayey  marl  crowded  tliickiy  with 
the  casts  of  a  f ossO  which  somewhat  re- 
sembles  a    h5>e<;ieh;   of  Atbyri^    4 

2.  Bed  of  gmy.  fine-grained  limestone,  some- 
what brettciated  and  containing  no  f«.»K- 
silt- o 

1.     Bed   of   soft.     Jigbt     colored,     fine-grained 

sandstone,  exposed  to  the  water's  edge..     1 

About  ten  rods  from  this  ei:ix>sure,  in  the  Ijank  of  the  same 

*  Gordon:    lowiCeol.  Sd-t.,  Val.  JV..  p    215. 
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stream,  the  following  layers  outcrop  in  such  a  position  as  to  indi- 
cate that  they  immediately  overlie  number  7  of  the  above  section, 
but  they  do  not  appear  in  any  other  known  exposure  within  the 
area. 

FEET. 

3.  Bed  of  shattered,  light  gray  limestone,  con- 

taining no  fossils   3 

2.  Loose,    fine-grained,    light     colored      s?ind- 

stone    4 

1.  Brown  arenaceo-niagnesian  limestone,  con- 

taining no  fossils  4 

About  two  miles  west  of  Wayland,  in  Jefferson  township,  the 
following  layers  appear  in  the  bank  of  a  small  stream : 

FEET.    INCHES. 

6.     Bed  of  brown  sandstone,  rather  hard  and 

coarsely  granular  4 

5.     Layer  of  white,  fine-grained,  non-fossilifer- 

ous*  limestone  1  2 

4.  Soft,    fine-grained    sandstone    12 

3.  Layers  of  light  colored  limestone,  eight  to 

ten    inches    in    thickness,    containing   no 

fossils  1  6 

2.  Band  of  clay  or  marl  containing  very  nu- 

merous casts  of  a  fossil  which  somewhat 

resembles  a  species  of  Athyris    4 

1.  Layers  of  light  gray,  non-fossiliferous 
limestone  down  to  the  level  of  the 
hvtream 2 

In  the  latter  section,  number  1  corresponds  witli  number  2  of 
the  Jefferson  townshii)  section,  and  with  number  6  of  the  Center 
township  exposure.  The  narrow  band  of  clay,  number  2, 
is  crowded  with  the  remains  of  a  small  brachiopod.  The  shells 
became  filled  by  infiltration  of  jcalcite  and  later  the  shell  substance 
was  removed,  so  there  is  left  only  the  casts,  which  are  in  such  a 
crystallized  condition  as  to  render  the  detennination  of  the  fos- 
sil ver\^  difficult.  A  few  of  the  most  perfect  specimens,  on  being 
ground  and  polished,  show  the  laterally  directed  spiralia  with  the 
particular  manner  in  which  they  are  united,  resembling  those  of 
the  genus  Athyris.  This  layer  is  readily  recognized  as  the  equiv- 
alent of  number  3  of  the  Jefferson  township  section,  and  of  num- 
ber 7  of  that  of  Center  township.  Number  3  corresponds  with 
number  4  of  the  Jefferson  township  exposure,  and  with  number  8 
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of  the  Center  township  section.  Number  4  repriwcaitH  num- 
ber 5  of  the  Jefferson  township  oxpoHure,  but  it  (\om  not  Httiiin 
nearly  the  thickness  of  the  latter,  wliilo  numb(»r  f)  of  tho  nboVM 
section  is  the  equivalent  of  number  (>  of  the  (»xp()Hun!  in  JnlTiU'Non 
township.  All  of  the  members  of  tiie  two  latt(»r  HcctioMH  bi'loiiK  io 
the  Verdi  beds,  but  their  layers  cannot  b(^  corrcluUMl  with  thoHii  of 
the  corresponding  phase  in  the  Wint<»r'H  (pmrry  H(?(rtiori,  nor  with 
those  of  any  exposure  that  is  found  in  the?  cuHti'rn  f)ortion  of  thit 
county. 

About  one  mile  east  of  Lowell,  in  Baltimore  townnhip,  f  hcj  Uul 
and  banks  of  a  stream,  on  the  north  hmU*  of  the  WH^on  road,  whow 
the  following  section: 

7.     Beddish   Ci,>I*»red  day,  coritaiiihijf  (frH***!,, ,     ^* 
6.     Layer   of    impure    liwientoiie,    ruwty    brown 

in  color  and  \f*t2LT\ii\i^  utt  i*r%*\\%. ..,...., .     % 
5.     La^'er  of  broun  msunitr^iaft  lifii#?j»lori#r,  ttUni' 

lar  to  numl^r  4   l^^elow   . , , ,     i 

4.     Layer   of   magne^^ian   I  i  with  ton*;   *'.ouiHU$U$f/r 

traceai   of   fr^/siU   in    lb»r    fortu   of   ra«f.*. 

The   weatbercr'l    tturf^f:*:     of     f.b*i     lf$^*rr 

showj»   o'rjr*/-nrT   \sk:u'itiii,^i'tu   lAnt^fK    .-,.,.      '^»^/^ 
Z.    Bed  of  brown  KMiturtt^^l^h  utu^-^ffU^.  in  J  Ay 

er*    iLree   lo   *«-yef»    Ifi^-h^rit    if*    ti**;/ )<f*>^-*<< 

aad  c*'^&r.alal£^  „::tp<*rrf*rf-^.  irr.;/f*:<>*»/'Af,*  -'^f 

Bra.'rSi^xp-'^t.*  ^ka/J   fVr.^^'^'^^.v:    I ' r  ,•> '///.-*         ^ 
1-     PiEi-*— jmi^a*^-    fr..i:rr./*-<>.r.    »..Vi^<*y/;r,-^ 


'^.A-a 


la  *r,.j«-/r,  *;rL<»r  ^Ai-rr*   ".:.<*:  t^,  '.t.?^^.  z^>'.  ^f. 


>-r» 


Spciffi^^riiiift'  rtiffti^  '^j^f  -uIj^  S^.r.:  iV/...*  >v^.;>.    7  ;.<^'  .',?-^/;t=v,,^  /--.-', Vif 4^ 
Ain?4£aijftffet^  Triit^.tL  ^^i^ \ :'::,i^\\  i.^^xl  -.mn-;.* ■.'-.;«',»;{*  ,.•.  i^.\Pr  :'*,0*^j^  c4 
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county,  was  not  seen  in  situ  in  any  of  the  above  layers,  but  it  is 
frequently  encountered  in  the  bed  of  the  neighboring  streams, 
where  it  has  weathered  out  from  their  banks  at  a  corresponding 
horizon. 

The  rocks  of  this  division  have  here  attained  the  greatest  de- 
velopment of  any  exposure  found  within  the  county.  They  reach 
a  depth  of  over  thirty-five  feet,  while  the  average  thickness  of 
the  beds  of  this  phase  would  not  exceed  twenty-five  feet. 

As  above  described,  the  rocks  at  this  place  are  uniformly  fine- 
grained and  dolomitic  in  character.  They  are  very  durable  and 
furnish  a  splendid  quality  of  stone  for  foundation  work  and 
heavy  masonry.  It  is  from  these  layers  that  the  stone  used  in 
the  construction  of  the  piers  of  the  wagon  bridge  across  the  Skunk 
river  at  Lowell  was  taken.  Owing  to  the  oxidation  of  the  parti- 
cles of  iron  that  are  disseminated  through  these  rocks,  they  usu- 
ally assume  a  yellowish  brown  color  when  long  exposed  to  the 
air.  This  fact  renders  their  use  objectionable  for  purposes  in 
which  a  fine  appearance  is  especially  desired. 

Twenty  miles  directly  north  of  the  Lowell  exposure,  and  sep- 
arated from  it  by  almost  the  length  of  the  count}%  there  is  an  in- 
teresting quarry  in  the  Se.  14  ^f  section  4  of  Scott  township, 
about  one  mile  northeast  of  the  town  of  Winfield.  At  this  place 
an  exposure  just  north  of  the  road  on  land  owned  by  Mr.  G.  W. 
Wilson  shows  the  following  succession  of  layers : 

FEET. 

5.     Clay  of  a  reddish  brown  color  containing" 

gravel  5 

4.  Bed  of  fine-grained,  fissile  limestone,  light 
gray  in  color,  the  layers'  one  to  three 
inches  in  thickness,  and  containing  but 
few  fossils  4 

3.    Bed  of  rather  soft,  fine-grained  sandstone.     G^/g 

2.  Bed  of  bluish  gray  limestone,  the  layers 
three  to  eight  inches  in  thickness  near 
the  top,  but  increasing  to  as  much  as 
twelve  inches  near  the  base.  The  layers 
are  separated  by  shaly  partings  which 
contain  numerous  fossils  10 

1.  Yellowish  brown  magnesian  limestone  per- 
forated with  irregularly  shaped  cavities* 
to  the  base  of  the  exposure  2 

Number  1  in  the  above  section  is  of  a  stronger  yellow  color  than 
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the  magnesian  limestone  usually  met  with  over  the  county.  It  is 
less  compact  and  contaiDS  a  greater  number  of  cavities  which  re- 
semble water  worn  passages.  No  traces  of  fossils  were  found  in 
the  rocks  of  this  member.  Number  2  is  a  bed  of  gray  limestone. 
The  narrower  layers  are  somewhat  shaly  and  weather  easily  inta 
thin  fragments,  but  the  thicker  portions  are  compact  and  dur- 
able. The  shaly  bands  are  very  fossiliferous,  among  which  the 
following  fonns  are  abundant: 

Zaphrentis  spinulosa  E.  &  H. 

Lithostrotion  canadense  var.  proliferum  Hall. 

Synngopora  sp.  andt 

Archaeocidaris  sp.,  spines  and  plates. 

Fenestella,  sp. 

Dielasma  formosaf  Hall. 

Spirifer  keokuk  Hall. 

Eumetria  marcyi  Shumard. 

Athyris  subquadrataf  Hall. 

Number  3  is  a  bed  of  somewhat  incoherent  yellowish  brown 
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sand  which  contains  a  small  amount  of  calcareous  matter.  This 
bed  is  succeeded  rather  abruptly  by  layers  of  fine-grained  lime- 
stone which  contain  but  few  fossils  as  compared  with  number  2 
below.  It  consists  of  narrow  layers  of  compact,  light  colored 
stone,  which  bear  no  bands  of  softer  shaly  material  between  theni, 
as  do  the  layers  of  limestone  of  the  lower  member. 

The  group  of  strata  found  here  is  different  from  that  of  any 
other  exposure  in  the  county  so  far  as  known.  The  assemblage 
of  fossils  which  thev  contain  is  also  unlike  that  found  in  the  rocks 
at  any  other  point  over  the  area.  Professor  Stuart  Weller,  of 
the  Univei-sity  of  Chicago,  to  whom  the  fossils  of  these  beds  were 
submitted,  regards  them  as  indicating  a  Saint  Louis  fauna. 

The  presence  of  LitJiostrotion  canadense  would  suggest  the 
Springvale  horizon,  but  this  coral,  wliich  here  occurs  in  abund- 
ance, is  at  this  place  never  silicified  and  is  always  either  in  a  sim- 
ple or  very  loosely  growing  form.  It  is  usually  even  more  loose 
and  independent  in  its  manner  of  growth  than  the  species  L.  pro- 
liferum  as  figured  and  described  by  Hall*  in  his  Iowa  report. 
At  every  other  point  over  the  countj^  where  this  fossil  occurs,  it 
is  the  closely  growing  massive  form  that  is  found,  and  its  cal- 
careous matter  has  always  been  replaced  by  silica.  Further 
north,  in  AVashington  county,  Mr.  Bain  found  the  rocks  of  the 
Springvale  division  to  consist  largely  of  limestones  and  shalesf 
with  scant  development  of  the  magnesian  phase  which  predomi- 
nates further  west  and  south.  He  speaks  ofi  finding  a  few  fos- 
sils in  these  rocks,  but  does  not  state  the  i^articular  forms  that 
were  collected. 

It  seems  probable  that  towards  the  margin  of  the  Saint  Louis 
limestone  the  rocks  of  the  lower  division  loose  the  massive,  mag- 
nesian character  which  they  present  further  to  the  south  and 
west ;  and  that  in  the  shallower  waters  the  deposits  were  thinner 
layers  of  limestones  interstratified  with  beds  of  shale.  Under 
these  conditions  for  some  reason  the  coral  Lithostrotion  did  not 
thrive  so  vigorously  as  it  did  in  the  deeper  waters  at  a  greater 
distance  from  the  margin.  As  a  consequence  it  remained  either 
simple  or  very  loosely  branching  in  its  mode  of  growth.  The 
conditions  were  not  so  favorable,  either,  for  the  ready  passage 

•  Hall:    Gcoloey  of  Iowa.  Vol.  I.  pt   2,  p.  668,  plate  XXIV,  fig.  6. 
t  Bain:    Iowa  Geol.  Sarv. ,  Vol.  V,  p.  148. 
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of  percolating  waters,  or  for  tlio  clmrKiuK  <>f  thont^  wutura  with 
silica,  as  in  the  beds  found  in  the  flouthorn  portion  of  tho  oouuty, 
hence  the  fossils  here  are  all  in  tlieir  natural  cahninMniH  condition. 

This  isolated  outcrop  is  separated  from  all  otiuu'  uu«k  expo- 
sures by  several  miles  of  drift-coven^d  praiiie.  TIim  niutrent  rotiktt 
that  appear  at  the  surfa(!e  are  found  about  neviui  mih^H  northeaat 
of  this  point  in  Louisa  county.  Here,  in  a  quarry  worl(e<l  by  Mr. 
John  Wasson,  in  the  south  bank  of  l^on^;  creek,  are  expowed  the 
crinoidal  layers  of  the  Burlington  limeHton<*H.  Ahout  the  tfrtiue 
distance  east  from  Winfield,  near  Morning  Hun,  nx'k  expowurett 
along  Honey  creek  also  reveal  layerH  of  crinoidal  linu*«Ume,  whieh 
contain  numerous  fossil  forms  ithariu'UiviHiUt  of  the  Hurlington 
sub-stage.  Towards  the  south  there  are  no  rorfkw  i^mupiiHiartd 
short  of  the  upper  layers  of  tlie  Haint  ImuIh  Jiiiu*«tr>iu>  Urn  miUm 
distant;  while  the  rocks  first  met  with  tfiwanU  Hut  witni  fivm  tim 
Winfield  exposure  occur  in  tlie  nortliern  part  of  VVayiMf  iowmUii) 
and  belong  to  the  Verdi  phai^e  of  ilut  Kaint  l»uis. 

In  view  of  the  evidence  furnislAe^l  by  i\y^  fotwib$,  aivl  from  tim 
slight  lithological  resembliiiifee  of  Uieiie  r^Mtkii  Uj  ili/cnie  of  tim 
Springvale  division  a»  dievelojied  furtlier  ii<>ilh,  lumrer  tim  mM- 
gin  of  the  Saint  Louii$  ljmestr>n(e,  and  i^^my^r'iny;  t\m  fwd  iAmi 
this  exposure  lies  sonie  miles  Oiearer  the  margm  of  tim  ^U^iMmJiM 
of  this  stage  than  any  other  exi>osure  witiiin  th^  eoiuity,  tim  wmi 
probable  interjjretation  would  s«eeui  to  l>e  tJutat  tim  ro<5ks  whi^ 
appear  in  the  quarrj'  jaear  Winfield  belong  to  th*?  Hpjiu|?v«JU? 
division  of  the  Kaint  Louis  stage,  and  that  tUey  were  deposited 
eonieinporaiieously  witii  thotie  exjxNbed  in  the  se^jtion  given  from 
near  LowelL 

From  a  oomjiarison  of  the  se^5tionfc  gi%en  a*>ov'e  a  gei^erai  sec- 
tion of  tlie  rock*;  of  the  Haint  J^ouifc  stage,  aj^  they  are  developed 
wrthin  the  county,  showing  the  lithologi<jal  chara<5teifc  and  the 
maximum  tliicicnes*!:  of  the  strata  of  eacL  of  the  dixisiouii.  may  be 
constructed  a^  follovtf: 
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11.  Rather  soft,  bluish  gray  shale,  very  fos- 
siliferous,  containing  Zaphnntis  pa/iaen- 
sis.  Product  us  tnarginocincius  ^  Rhyn- 
choneHa  oUumwa,  Dlelasmi  tw^gida. 
Spit  if er     keokuk^      Athyris     subquadrata 

and    A  Hot  ism  i    inarionensis 6. 

10.  Fine-grained,  compact,  ash-colored  lime- 
stone in  layers  twelve  to  twenty  inches 
in  thickness,  containing  Ptoductus  tenui- 
costus  and  P.  ovatus 5- 

9.  Compact,  gray  colored  limestone  evenly 
bedded,  the  la^'ers  three  to  eight  inches 
in  thickness,  the  partings  of  shale  be- 
tween the  layers  containing  numerous 
individuals  of  RHMtchonelta  oiiumwa. 
Die  fas  ma    turgida  and    Spirt  fer  k  Okuk , ,     7 

8.     Layer  of  very  hard,  fine-grained,  light  gray 

limestone   ^ 

7.    Three  flagstone  layers,  €ix,  three  and  five 
inches     in     tibickness     respectively,   clay 
£*eams  separating  the  layers  containing 
numerous  fossils  similar  to  No.  9  above     1  ^ 

6.  Layers  of  fine-grained,  light  colored  lime- 
stone two  to  three  feet  in  thickness,  con- 
taining  but  few  fossils  & 

5.     Brecciated  bed  of  fine-grained,  gray,  non- 

f ossilif erous    limestone    S 

4.  Irregular  bed  of  sandstone  and  shale  in- 
termingled in  places  with  narrow  layers 
of  oolitic  or  impure  limestone 12 

3.     Band  of  chert  in  the  form  of  a  solid  layer 

of  fiint  H 

2.    Disturbed  beds  of  limestone,  sandstone  and 

shale,  much  broken  and  very  irregular..  19 

1.  Impure  limestone,  usually  dolomitic,  yel- 
lowish brown  in  color,  the  layers  vary- 
ing from  a  few  inches'  to  four  feet  in 
thickness,  containing  the  casts  of  ^  few 
fossils,  but  especially  bearing  the  silici- 
fied  coralla  of  Lithostrotion  35 

As  will  be  seen  from  the  above  section,  the  rocks  of  the  Saint 
Louis  stage  here  have  a  maximum  thickness  of  one  hundred  feet^ 
Numbers  7  to  11  inclusive  represent  the  Pella  beds  with  an  ag- 
gregate thickness  of  twenty  feet.  The  shaly  bed  at  the  top  has 
been  eroded  over  the  greater  part  of  the  area.  The  character  of* 
the  rocks  and  the  uniformly  regular  arrangement  of  the  layers- 
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in  this  division  are  constant  all  over  the  county  wherever  these 
rocks  are  exposed. 

Numbers  2  to  6  inclusive  constitute  the  Verdi  di\'ision  with  a 
maximum  thickness  of  forty-five  feet.-  The  beds  are  usually  very 
much  broken  and  exceedingly  variable  as  regards  their  lithology, 
their  arrangement  and  the  degree  of  disturbance. 

Number  1  belongs  to  the  Springvale  division,  attaining  at  one 
point  a  depth  of  thirty-five  feet.  The  rocks  are  usually  a  brown 
magnesian  limestone,  in  rather  thick  layers,  and  yield  but  few 
fossils  besides  the  diagnostic  coral  Lithostrotion  canademe,  Cast. 

The  beds  exposed  in  the  quarry  near  Winfield  differ  from  the 
typical  deposits  of  the  Springvale  division  with  respect  to  the 
general  character  of  the  rocks  and  the  fossils  which  they  contain. 
Their  stratigraphical  position  is  not  certainly  known,  but  they 
are  thought  to  represent  a  different  phase  of  development  of  the 
same  division. 

The  fauna  of  the  Saint  Louis  is  much  less  rich  in  the  variety 
of  its  forms  than  that  of  the  Keokuk  limestone,  but  it  is  not  ex- 
celled in  the  abundance  of  individuals.  The  Pella  beds  are  pre- 
eminently the  fossil  bearing  phase.  The  layers  of  the  Verdi  divi- 
sion seldom  yield  any  forms  whatever.  The  Springvale  phase  !» 
more  prolific.  Including  the  beds  of  the  Winfield  exposure,  this, 
division  furnishes  a  goodly  number  of  species,  some  of  which 
occur  in  great  abundance.  The  following  is  the  list  of  the  fossils, 
of  the  Saint  Louis  limestone  as  found  in  Henry  county : 

Zaphrentis  pellaensis  Worthen. 

Zaphrentis  spinulosa  Ed.  and  H. 

Lithostrotion  canadense  Cast. 

Lithostrotion  canadense  var.  proliferum  Hall. 

Synngopora,  sp. 

Chaetetes,  sp. 

Archaeocidaris,  sp. 

Fonestella,  sp. 

Prodttctus  marginocinctus  Prout. 

Productus  tenuicostus  Hall. 

Prodtictus  ovatus  Hall. 

Dielasma  turgida  Hall. 

Dielasma  formosa  Hall. 

Spirifer  keokuk  Hall. 


Eumetrm  marcyi  Shumard. 
Athyris  stibquadrata  Hall. 
Athyrw,  sp. 

Allorisma  marionensis  White. 
Rhynchonella  ottumwa  White. 

Upper  Carboniferous  or  Pennsylvania]!  Series. 

The  deposition  of  the  rock  materials  of  the  Saint  Louis  stage 
was  brought  to  a  close  by  a  crustal  movement  which  carried  this 
portion  of  the  state  above  the  sea.  Succeeding  this  elevation  for 
a  long  interval  the  area  was  a  land  surface,  subjected  to  all  the 
weathering  influences  of  the  atmosphere  and  the  erosional  oflFects 
of  meteoric  waters  that  prevail  over  land  areas  at  the  ])resent 
time.  As  the  land  rose  higher  the  streams  wore  deeper  their  val- 
leys in  the  hard  layers  of  the  Saint  Louis  limestone  until  in  some 
places  they  reached  a  depth  of  ,at  least  ninety  feet,  and  probably 
much  greater.  At  the  close  of  this  long  period  of  elevation  there 
was  a  subsidence  which  once  more  buried  the  region  beneath  the 
waters  and  initiated  the  deposits  of  the  Upper  Carboniferous 
series. 

Numerous  exposures  of  the  rocks  of  this  series  are  found  over 
the  southern  and  western  portions  of  the  county.  These  deposits 
consist  for  the  most  part  of  beds  of  yellowish  or  brown  colored 
sandstone.  However,  the  occurrence  of  narrow  seams  of  soft, 
earthy  coal  with  accompanying  bands  of  shale  is  not  infrequent 
in  the  townships  of  Salem,  Tippecanoe  and  Trenton.  All  of  the 
materials  belong  to  the  Des  Moines  stage  of  the  series.  They 
were  probably  spread  over  the  entire  area  and  may  originally 
have  covered  this  portion  of  the  state  to  a  depth  of  many  feet. 
The  very  long  period  that  again  interv^ened  between  the  laying 
down  of  the  Upper  Carboniferous  rock  materials  and  the  invasion 
of  the  first  ice  sheet,  which  buried  them  deeply  out  of  the  reach 
of  erosion,  sufficed  to  allow  most  of  the  region  to  be  entirely  de- 
nuded of  its  sandstones.  Only  such  i)ortions  of  these  rocks  were 
presei*ved  as  were  deposited  in  old  stream  channels  that  were 
carved  in  the  beds  of  Saint  Louis  limestone  prior  to  the  deposit 
of  the  Upper  (Carboniferous  materials. 

At  no  point  within  Hemy  county  are  the  Des  Moines  sandstones 
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exposed  where  the  eroded  edges  of  the  layers  of  Saint  Louis  lime- 
stone do  not  outcrop  in  a  horizontal  position  at  a  higher  level 
than  the  hed  of  sandstone,  either  immediately  adjacent  or  only  a 
short  distance  away. 

The  consideration  of  a  few  typical  sections  will  make  clear  the 
character  of  these  deposits  and  the  relations  which  they  sustain 
to  the  older  limestones  of  the  Saint  Louis.  Many  of  the  present 
streams  have  found  and  established  themselves  within  old  val- 
leys which  were  cut  into  the  Saint  Louis  limestone  and  were  after- 
ward filled  with  the  sandstones  of  the  Upper  Carboniferous. 
Finding  it  easier  to  carve  their  beds  in  the  soft  sandstone  than 
in  the  harder  limestone,  which  forms  the  surface  rock  over  the 
greater  part  of  the  area,  the  streams  have  frequently  exposed 
along  their  beds  and  on  their  banks  these  sandstones  of  the  Coal 
Measures.  A  small  ravine  in  section  5  of  Salem  township  shows 
numerous  outcrops  of  the  materials  of  the  Des  Moines  stage,  of 
which  the  following  is  a  representative  section: 

FE£T. 

3.    Gravels   and   bowlder   clay  of  the   Kans?an 

drift 31/2 

2.  Layer  of  soft  sandstone  grading"  down- 
ward into  a  narrow  band  of  shale 4 

1.  Bed  of  impure,  earthj'  coal»  rather  soft  and 
crumbling"  easily,  the  layers  one  to  three 
inches  in  thickness   3 

A  few  rods  further  down  the  stream  there  is  an  outcrop  in 
which  the  coal  is  a  better  qualit}\  The  bed  is  three  and  one-half 
feet  in  tliickness,  and  the  lavers  var\'  from  one  to  four  inches. 
The  coal  is  much  harder  and  contains  less  earthy  matter  than  that 
of  the  above  section.  This  coal  band  is  immediately  overlain  bv 
about  six  feet  of  bowlder  clay,  both  the  sandstones  and  the  shales 
having  been  removed. 

Twenty  rods  north  of  this  latter  exposure,  the  edges  of  evenly 
bedded  layers  of  fine-grained,  white,  fossiliferous  limestone  out- 
crop on  the  hillside  twenty-five  feet  above  the  level  of  the  band 
of  coal. 

In  the  banks  of  a  stream  about  one-half  mile  west  of  the  house 
of  Mr.  Wm.  Spray,  near  the  central  portion  of  section  32,  Tippe- 
canoe township,  the  sandstones,  shale  and  coal  of  the  Des  Moines 
stage  are  exposed.    The  coal  at  this  point  is  of  about  the  same 
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the  former  stream  about  five  rods  south  of  tlie  exposure,  the  lay- 
ers of  the  Pella  beds  in  their  normal  arrangement  and  succession 
are  passed  over. 

Along  Rock  creek,  in  the  Sw.  1/4  of  the  Sw.  1/4  of  See.  18, 
Salem  township,  at  a  point  where  the  stream  makes  an  abrupt 
turn  to  the  north,  there  is  exposed  in  a  bluff  about  fifteen  feet  of 
the  Coal  Measure  sandstone.  At  the  top  of  this  bluff  there  is  an 
offset  about  eight  feet  in  width  back  to  a  ledge  of  Saint  Louis 
limestone  which  rises  to  a  height  of  seven  feet  above  the  sand- 
stone. This  ledge  of  limestone  represents  the  east  wall  of  an  old 
valley  in  which  the  sandstone  was  laid  down.    Many  other  ont- 
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liers  of  the  Des  Moines  sandstone  occur  over  the  county  wherever 
the  indurated  rocks  reach  the  surface,  but  they  do  not  differ  in 
any  essential  way  from  those  described. 
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Pleistocene  System. 

After  the  elevation  which  closed  the  Upper  Carboniferous 
epoch,  the  surface  of  the  area  which  comprises  Henry  county  re- 
mained permanently  above  the  sea.  During  the  whole  of  the  suc- 
ceeding geological  era  and  through  the  greater  part  of  the  next 
following  it  was  subjected  to  the  wasting  effects  of  the  agents  of 
eirosion.  During  this  enormous  interval  deep  river  valleys  and 
stream  channels  were  carved  in  this  surface,  forming  a  dendritic 
drainage  system  similar  to,  but  much  deeper  than  that  which  dis- 
sects the  surface  today.  In  the  early  part  of  the  Pleistocene 
period  ice  sheets  moved  down  from  the  north  and  covered  with 
their  mantle  of  superficial  materials  all  of  this  portion  of  the  state. 
These  deposits  were  laid  down  unconformably  over  the  eroded 
surface  of  the  Carboniferous  rocks,  burying  them  to  a  depth 
which  in  places  reached  at  least  175  feet 

The  glacial  series  is  represented  in  Henry  county  by  two  dis- 
tinct drift  sheets  known  as  the  Kansan  and  the  Illinoian,  besides 
the  later  deposits  of  loess  and  alluvium. 

KANSAN   DRIFT. 

All  of  the  drift  exposed  at  the  surface  in  Henry  county,  except 
a  narrow  strip  along  the  eastern  edge  of  the  townships  of  New 
London  and  Baltimore,  belongs  to  the  Kansan  stage.  The  Kan- 
san is  the  second  drift  sheet  which  overspread  the  greater  por- 
tion of  Iowa.  It  has  a  wider  extension  than  the  first,  or  pre-Kan- 
san,  and  so  has  concealed  the  latter  from  observation,  except  in  a 
few  favored  places,  where  excavation  or  erosion  has  revealed  its 
presence.  The  pre-Kansan  drift  was  probably  spread  over  all 
of  this  region,  but  there  are  no  natural  sections  in  which  it  is  ex- 
posed within  Henry  county.  At  different  points  the  wells  which 
have  been  put  down  in  the  drift  encounter  a  layer  of  sand,  or  a 
soil  horizon,  occupying  a  zone  between  two  beds  of  bowlder  clay. 
This  soil  horizon  was  once  a  land  surface  and  represents  the  in- 
terval between  the  retreat  of  the  pre-Kansan  ice  and  the  invasion 
of  the  Kansan.  The  beds  of  sand  were  laid  down  along  the  chan- 
nels of  the  streams  at  the  margin  of  the  melting  ice.  These  sand 
beds  were  covered  by  the  drift  brought  down  by  the  Kansan  ice 
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sheet.  They  form  water  bearing  l^ers  at  no  great  distance  be- 
low the  surface,  and  are  the  chief  source  of  the  water  supply  for 
the  shallow  wells. 

The  Kansan  drift,  where  exposed  in  a  thick  bed,  is  a  bluish 
clay  containing  numerous  small  bowlders  varying  in  size  from 
one  or  two  to  ten  or  twelve  inches  in  diameter.  Occasionally 
bowlders  two  to  four  feet  in  diameter  are  found  and  one  was  seen 
as  much  as  ten  feet  across.  The  larger  bowlders  are  usuaUy  red- 
dish gray  granites,  but  many  of  the  smaller  ones  are  of  dark  col- 
ored, fine-grained  trap  known  as  greenstone.  Many  of  them  pre- 
sent beautifully  glaciated  surfaces,  showing  that  during  some 
portion  of  their  long  journey  they  had  been  carried  along  in  the 
^ound  moraine.  Fragments  of  limestone  are  also  frequently 
found  imbedded  in  the  clay. 

The  surface  of  the  Kansan  drift  where  it  is  exposed  in  the  ra- 
vines along  the  roadsides  is  leached  of  all  of  its  calcareous  mat- 
ter. It  usually  has  a  red  or  reddish  brown  color  for  a  depth  of 
from  one  to  three  feet,  grading  downward  through  yellow  to 
the  typical  bluish  color  of  the  unchanged  drift.  This  red  color 
near  the  surface  is  due  to  a  change  in  the  form  of  the  iron  which 
is  contained  in  the  clay.  The  ferrous  oxide  or  carbonate  of  the 
blue  clay  has  been  changed  to  the  form  of  limonite,  or  hematite, 
Inhere  long  exposed  to  the  oxidizing  influences  of  the  atmosphere. 

BUCHANAN    GRAVELS. 

At  various  places  over  Henry  county  there  is  exposed  above 
the  Kansan  drift  a  bed  of  interstratified  sand  and  gravels.  The 
deposit  is  not  uniform  in  depth,  nor  is  it  continuous  over  wide 
-areas.  The  pebbles  are  usually  small,  rarely  exceeding  three 
inches  in  diameter,  and  are  generally  rounded  and  much  water- 
worn.  These  materials  were  deposited  soon  after  the  drift  was 
spread  out,  before  any  change  had  taken  place  in  its  surface. 
They  record  the  action  of  swift  and  variable  currents  in  streams 
which  carried  a  large  volume  of  water.  The  stratification  is  very 
irregular,  finer  sand  and  coarser  gravels  not  being  sorted  so  per- 
fectly as  is  usually  the  case  with  waterlaid  materials.  The  beds 
were  probably  laid  down  along  the  channels  of  the  streams  which 
•carried  away  the  waters  which  resulted  from  the  melting  of  the 
Kansan  ice. 
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ship,  in  Des  Moines  county.  This  conspicuous. line  of  hills  over- 
looks Canaan  township  along  its  entire  eastern  border.  It  then 
bends  further  eastward  and  is  soon  lost  to  sight  from  the  limits 
of  Henry  county. 

The  rounded  ridges  of  morainic  material  have  a  width  of  from 
one  to  one  and  a  half  miles.  In  Henry  county  they  are  best 
marked  on  the  level  land  which  lies  between  the  broken  country 
bordering  the  Skunk  river  and  the  hills  near  the  headwaters  of 
Mud  creek,  and  again  on  the  prairie  north  of  the  latter  hills  to  the 
point  where  they  pass  out  of  the  county  in  section  13  of  New  Lou- 
don township. 

This  moraine  marks  the  western  extension  of  the  Illinoian 
drift  over  this  area.  It  is  much  more  conspicuous  and  well  de- 
fined than  is  the  distinction  between  the  materials  carried  by  the 
Kansan  and  the  Illinoian  ice  sheets.  Red  jasper  bowlders,  which 
are  not  found  in  the  former,  are  not  infrequent  in  the  latter,  but 
the  majority  of  the  granite  and  greenstone  bowlders  which  occur 
in  one  resemble  in  every  way  those  found  in  the  other.  The  fer- 
retto  character  of  the  oxidized  surface  of  the  clay  and  gravels  is 
conunon  to  both,  as  is  also  the  fact  that  to  a  few  feet  in  depth 
the  surface  materials  of  both  drift  sheets  are  leached  of  their  cal- 
careous matter. 

:  '     THE   LOESS. 

The  loess  is  usually  a  yellowish,  uniformly  fine-grained  deposit 
whose  constituent  particles  resemble  very  fine  silt.  This  material 
forms  a  mantle  over  the  surface  of  the  entire  area  except  where 
removed  bv  streams.  Its  characteristic  color  is  obscured  over 
the  prairie  portions  owing  to  the  presence  of  the  greater  amount 
of  carbonaceous  matter  in  the  surface  soil,  but  the  fine-grained 
texture  and  the  absence  of  pebbles  or  bowlders  are  .still  main- 
tained. Over  the  greater  portion  of  the  region  it  is  light  gray  in 
color  and  only  a  few  inches  in  depth,  but  at  a  few  points  it  attains 
a  thickness  of  several  feet. 

In  making  some  recent  improvements  in  the  road-bed  of  the 
Chicago,  Burlington  and  Quincy  railway,  cuts  have  been  made 
through  some  of  the  hills  in  the  vicinity  of  Rome,  which  yield  in- 
structive facts  relative  to  the  development  of  the  loess  over  this 
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area.    The  following  section  is  exposed  in  the  Se.  y^  of  section  4, 
Tipj>ecanoe  township,  on  the  east  bank  of  the  Skunk  river : 


2.  Fine-grained,  typical  loeE«,  lig'hi  yellow  in 

color  and  Tcry  rich  in  fossils 25 

1.  Beddish    colored    clay,    with    pebbles    and 

bowlders  of  granite  and  niasf«s  of  lime- 
stone intermingled  B 

In  the  eastern  part  of  section  3  of  the  same  township,  a  new  cut 
shows  the  following  beds: 

3.  Light  yellow,  ftne-grained  loess  10 

2.  Bed  of  interstratified  sand  and  gravels 13 

1.     Hluish  colored  till  6 

In  the  sections  given  above  the  surface  of  the  Kansan  drift 
shows  a  reddish,  oxidized  baud  which  conforms  to  the  contour 
of  the  hill.  The  thickest  portion  of  the  loess  is  on  tlie  crest  and 
the  westward  slope  of  tlie  hill,  and  the  thinnest  portion  of  the 
oxidized  band  lies  immediately  below  the  deepest  deposits  of 
loess.    In  tlie  tirst  section  some  traces  of  stratitieatiou  appear  in 
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the  loess,  the  lines,  however,  are  not  horizontal  but  conform  iit 
some  measure  to  the  slope. 

The  tenn  *  *  bluff  materi  al ' '  is  especially  applicable  to  the  loess 
in  Henry  county,  as  the  thick  deposits  are  found  only  on  the  hills 
aloni^  the  east  bank  of  Skunk  river.  It  is  onlv  these  thick  beds 
that  carry  fossils.  The  numerous  fossil  forms  which  occur  here  in 
the  loess  mostly  belong  to  the  genera  Succinea,  Zonites,  Mesodon. 
and  Pupa,  The  loess  was  evidently  a  later  deposit  than  the  drift,, 
as  is  shown  by  the  eroded  and  oxidized  surface  of  the  latter  under- 
lying the  thick  beds  of  the  former. 

The  origin  of  the  loess  and  the  manner  of  its  deposition  are 
questions  which  as  yet  scientists  have  been  unable  satisfactorily 
to  explain.  There  are  two  hypotheses  given  which  might  account 
for  the  condition  of  the  drift  and  the  presence  of  the  overlyin 
loess  as  here  exposed.  One  is  that  for  a  long  period  succeeding 
the  Kansan  ice  invasion  the  drift  was  exposed  at  the  surface  and 
subjected  to  erosion  and  to  the  oxidizing  influences  of  the  atmos- 
phere. After  this  long  interval  a  downward  movement  of  the 
crust  brought  this  portion  of  the  state  near  the  base  level,  so  that 
the  slow  moving  water  of  the  expanded  rivers  carried  and  depos- 
ited only  the  finest  silt  over  the  surface  of  the  drift. 

The  second  explanation  is  that  this  fine-grained  material  was 
carried  by  the  wind  and  slowly  laid  down  on  the  crest  and  sides 
of  the  hills  and  in  the  valleys  and  over  the  prairies;  wherever 
vegetation  or  leeward  slopes  or  obstructions  of  any  kind  would 
catch  and  conceal  from  the  air  these  fine  particles  of  dust.  Ac- 
cording to  the  latter  view,  the  erosion  of  the  drift  and  the  oxidiz- 
ing of  its  surface  went  on  contemporaneously  with  the  deposit  of 
loess.  The  extreme  slowness  of  the  deposition  of  the  materials 
by  the  wind  would  suffice  for  the  changes  in  the  surface  of  the 
drift  to  have  reached  their  present  depth  before  the  covering  of 
loess  would  be  sufficient  to  protect  it  from  the  further  action  of 
the  atmosphere.  The  latter  view  would  seem  to  best  explain  the 
relation  between  the  drift  and  the  loess  and  the  condition  of  both 
as  they  appear  in  Henry  county. 

ALLUVIUM. 

The  waters  of  Skunk  river  and  Big  Cedar  creek  flow  through 
a  broad  valley  which  within  Henry  county  would  average  about 
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ing:  of  sand  and  finer  juoiicte?  <S  <*oiI  Kic  ^^TJ^fi  jfclso  i* 
aU  of  the  iower  xtan  erf  its  oftoips^  floirs  throiwrh  a  ri/th  :<Cliivifi? 
plain.  In  y»la<iec:  ak«!nc:  lie  Skimk  river  thi<  Ti-i;«lirrij^  i:^  A>Tr4Vi!5»e^J 
of  beds  of  sand-  and  ak»nir  xhe  marxnns  of  tbo  \^?iey  ^\f  41II  of 
liie  ^treaoDB  the  true  river  laid  dejx^i  k  inow  or  )c?5S  Vi^iv^ii  ^rill^ 
the  doimirasfa  of  tiie  loess  and  elav  frogn  the  hilK  1  Ver  ifce 
greater  portion  of  these  plains  the  ^^imcDi  i^s^  a  Ttw  al))iviu>!ii^ 
miiieh  pe^xmds  gezteixNisly  to  caltiTation  and  i^uib^  an»«^  the 
most  prodiieli\>e  farm  lands  of  die  coimty. 

Allvrial  deposits  oompy  aresfts  of  Taryii^  extent  at  nunieitMi$ 
pK>ints  along  many  of  the  smaller  stneiam^  Wherever  their  <4iaib 
nels  have  been  extnided  sidewise  and  narrow  bottom  lan^^  (x>mied 
these  flnviatile  materials  have  bet^n  laid  down. 


The  rod^  of  Henry  county  have  been  subjected  tx>  $tnun$  of 
lateral  pressure  suflicient  in  many  places  to  pitxiuoo  a  $)ijtht  fokU 
ing  of  the  strata.  There  are  evidences  of  this  apjxNitrinit  itt  tk<^ 
outcrops  of  Keokuk  limestone,  where  these  rcK*s  are  exixvs^  at 
the  surface  at  different  levels  and  at  isolated  iH>int«  widely  seiv 
arated  from  one  another.  The  strata  of  tlie  Keokuk.  howe\*er.  in 
the  limited  areas  which  are  exposed,  seem  to  He  horixontal  and 
it  is  possible  that  the  absence  of  these  rocks  at  the  sanu>  le\*el  over 
intervening  areas  may  be  due  entirely  to  erosion  rather  than  to 
any  folding  of  the  strata. 

Slight  deformations  occur  at  numerous  (>oints  in  the  Verdi  IhhIs 
of  the  Saint  Louis  stage.  The  most  of  these  are  of  a  local  nature, 
due  usually  to  the  intercalation  of  layers  of  sand  or  slmUs  or  to 
the  rapid  thinning  out  of  some  of  the  beds  in  this  very  variable 
deposit 

The  layers  of  the  Pella  division  show  some  marked  oxA)n)>U>s 
of  folding.  The  disturbance  in  tliese  beds,  however,  did  t\ot  rtnioh 
a  very  great  depth,  never  involving  the  underlying  mokn  of  tho 
Verdi.  The  strains  were  not  sufficient  to  cause  any  fractures  or 
dislocations  of  the  strata  over  the  area,  but  reaiilttHl  in  the  giMitlo 
flexing  of  the  layers,  as  described  under  the  discussion  of  tho 
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Pella  beds  in  the  present  report.  The  axes  of  the  folds  trend 
nearly  in  an  east  and  west  direction,  their  vertical  height  not  ex- 
ceeding five  feet  in  the  places  where  they  were  well  exposed. 

Unconformities. 

The  rocks  of  Henry  county  present  several  instances  of  uncon- 
farmity.  There  are  indications  that  the  Saint  Louis  limestone 
was  laid  down  unconfonnably  upon  the  underlying  beds  of  the 
Keokuk.  The  presence  of  the  former  overlying  the  hard  lime- 
stone phase  of  the  latter  at  Webster's  mill,  while  on  Mud  creek 
the  same  rocks  of  Saint  Louis  age  rest  upon  the  deposit  of  Geode 
shales,  would  seem  to  indicate  the  erosion  of  these  shales  in  the 
former  exposure  before  the  Saint  Louis  beds  were  laid  down. 
The  outcrop  of  the  Keokuk  rocks  at  different  levels  while  in  the 
intervening  areas  the  same  level  is  occupied  by  the  Saint  Louis 
deposits,  would  also  be  an  evidence  of  unconformity.  There  is 
a  possibility,  however,  that  here  near  the  margin  of  the  Geode 
shales,  those  deposits  thinned  out  locally,  and  that  this  bed  was 
never  laid  down  over  the  surface  of  the  region  of  Webster's  mill. 
It  is  possible,  also,  that  a  slight  folding  of  the  strata  might  ac- 
count for  the  presence  at  the  surface  of  the  Keokuk  limestone  at 
different  levels.  However,  since  those  layers  wherever  exposed 
have  a  horizontal  position,  and  since  the  Saint  Louis  rocks  are 
known  to  rest  unconformably  upon  those  of  the  Augusta  further 
to  the  north  and  west,  it  is  probable  that  over  this  area  also  the 
same  relations  prevail. 

A  second  unconfonnity  occurs  between  the  rocks  of  the  Saint 
Louis  stage  and  the  overlying  sandstones  of  the  Des  Moines.  In 
multiplied  instances  these  sandstones  may  be  seen  occupying  the 
old  valleys  carved  in  the  rocks  of  the  Saint  Louis  during  the  long 
interval  that  elapsed  between  the  laying  down  of  the  latter  and 
the  deposit  of  the  former.  During  this  interval  the  land  over 
Henry  county  stood  liigher  than  at  present,  as  is  shown  by  the 
fact  that  in  many  places  the  present  streams  which  follow  those 
old  valleys  have  not  yet  cut  their  channels  through  the  beds  of 
Upper  Carboniferous  sandstone.  The  oldest  drift  sheet  of  the 
glacial  series  deposited  its  materials  over  the  eroded  surface  of 


indurated  rocrkK,  and  i\u*  till  of  eaifli  of  iUit  Mux^x^^^^liiig  i/^^e  i^li^ufeftit^ 
was  laid  down  umrornfonnably  uji^iu  iXmi  of  tli^  pr^^^vfjiiig. 

ECONOMIC  PRODUCTS, 

Soils, 

The  6oik  of  Ilenr}'  <5fiU£jty  jiiUJ^  always  ^jr/iifclituU'  itt  gi^iftttiArt 
source  of  weaJtijL  and  iu  tbifc  r«-i^j-»«:5(^  tbii>  favor^r^d  r*^iv*i  i*^  4fX- 
oelled  by  fe^  areai^  of  45<^uaJ  w;6e  witlijii  tii^  fc^tate. 

Over  all  of  the  prairie  ^urfa^Af  the  **^yjJ  i*  dark  <x/lor^-  ri<A  adud 
deep,  e^oirtaimiig  an  uhuadaju*:?^  of  4^r\MJijJd^*^j\j^  uiaWi'iaJ.  'J'jhe 
laiid  nsnallT  ha-b  ^uffir-ieut  bloj^e  V^  |>eruiit  a  WleraW>'  fr^^  feurfa«oe 
draina^^e.  ahJbou^  in  the  tcmn^iiijiJt  of  Wayue.  tvx^.  < -aioiaii. 
and  the  northern  portion  of  Marion  and  Kew  j^ondon.  the  larui*^ 
are  niostlv  underdraiiied  bv  ujeant  of  tJie  whi<A  reuioxe*?  the  ex- 
oesB  Oi  water  froui  the  t>oil  and  knej-*^  tiie  hixsiju^y^  porouj^  iij  the 
seasons  of  jgrreat  rainfall 

Extensive  prairie  areai?  aiv  aibo  found  iii  the  towniihiji^  of  J«if 
fersoTj  and  Baleuj  over  the  di\ ideh  v^hicL  bej/aiaU*  the  j#f in<iij4i] 
water  eonrbefc-  Borderin^gr  the  Uiaiu  ntreauifc  and  their  iari^er  trih- 
iitari^3E.  tiie  land  i^  niu'rii  htokeu :  tiie  iiill-HiOjieh  are  <^vei<^  i«ritL 
a  yellowisii  loes^  '*lay  wlii'*L  onxinally  HU]tjporUf(i  a  heavy  ^roi^ 
erf  timber. 

Th«»e  slojieh  it:  man>   jila«>a-  hav*-  heeti  denuded  of  their  for 
€Btfc.  but  the  eiay^fv  »oil.  wiii<fh  toi'  ofleii  iia^  Ui^eL  j>ut  under  the 
plow.  M^  tiie  ieaKt  produ^ftiv*:'  iand  of  th^  c-ount.v.     It  i>  i.  ^i*5a" 
mistake  ev<fr  to  iiave  atlenjjtted  to  ero)'  tiM9»^    t^my^y    jiiliMdefc 
They  shoujd  iiave  beef-  left  lor  tiie  jjerpetuatioL  of  ouf  lai?:  van 
ishiitr  forest  areai^.  or  ii.  heii  of  tijat.  tij*-y  ari^-  la*  more  f/rufilabie 
as  pasture  iandh  tnau  for  jmrj^oM^  o1  tilia^e.    If  tu^  j^ruund  re 
niaiiib  nndisturhed.  tne  nativ*-  hiu*-  xra«-  rapidiy  eover^  the  feur 
imee  aud  |/r*fV4fnl^  lurtiier  waiju  aftef  tue  ioi^sxsu-  itave  ueei.  ee- 
iwrv'tsd. 

A  tnird  type  of  hjjj  h-  tn*-  nei-  ahuviuu  wuJ^l  l^  lound  ai<M[^ 
tiie  valieys  oi  al  of  ti*^  jarice*  lnrealn^.  Wnei:  no!  iuc^  ^sand^ .  tni^ 
eoU  xaiQiD^  hk^^mc  U'  u^jhm-  ir  it^^  jfrodu^tivene^t  and  «4«e  of  euiti 
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Coal. 

In  Professor  Hall's  report  on  the  Geology  of  Iowa*  in  1858,  Mr. 
Wortlien  says :  ' '  Several  outliers  of  coal  occur  in  Henry  county 
on  the  east  side  of  Skunk  river  and  Big  Cedar  creek;  but  none 
of  them  have  as  yet  yielded  a  profitable  coal  seam,  nor  is  it  prob- 
able they  ever  will. ' '  In  another  place  he  states,  ' '  The  only  coal 
lands  that  promise  anything  like  a  profitable  coal  seam  are  those 
lying  west  of  Skunk  river  and  Cedar  creek. ' ' 

During  the  earlier  history  of  the  county  large  quantities  of 
coal  were  annually  taken  from  the  Coal  Measure  deposits  of  the 
latter  area  mentioned  by  Mr.  Worthen.  The  more  important 
mines  were  opened  in  the  western  portion  of  the  townships  of 
Salem  and  Tippecanoe.  These  coal  beds  are  all  very  local  over 
this  area^  as  is  seen  from  the  position  occupied  by  the  deposits  of 
the  Des  Moines  stage.  The  seams  are  narrow  and  the  quality  of 
the  coal  rather  inferior.  None  of  these  coal  deposits  have  been 
worked  within  the  county  for  a  number  of  years.  It  is  possible 
that  as  the  supply  of  fuel  becomes  more  scarce  and  its  cost  is  in- 
creased, the  work  of  getting  out  coal  from  these  beds  may  be  re- 
sumed, and  the  Coal  Measures  may  yet  be  a  source  of  wealth  to 
the  people  of  the  county. 

Building  Stone. 

Stone  suitable  for  common  foundation  work  and  general  ma- 
sonry is  found  in  abundance  over  all  portions  of  the  county  in 
which  the  indurated  rocks  are  exposed.  The  hard  layers  of  the 
Keokuk  limestone  would  furnish  an  abundant  supply  of  building 
material,  but  so  far  as  known  there  are  no  quarries  opened  in  these 
beds  within  the  area.  The  Springvale  division  of  the  Saint  Louis 
stage  yields  a  very  durable  stone.  It  is  dolomitic  in  character 
and  so  is  less  readily  acted  upon  by  the  acids  of  the  atmosphere 
and  weathers  more  slowly  than  the  common  limestone.  These 
layers  are  quarried  at  various  points  in  Baltimore  township  and 
to  some  extent  in  the  townships  of  Center  and  Jackson. 

The  compact  layers  of  the  Pella  beds  furnish  a  good  quality 
of  stone  and  are  so  generally  distributed  that  they  constitute  the 

*  Hall ,    GeoloKx  of  Ipwa^  pp.  3ii-ai4>    i2$S8, 
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Sand. 

Sand  suitable  for  building  purposes  is  found  in  great  abund- 
ance at  a  number  of  places  in  the  county. 

The  soft  sandstone  beds  of  the  Verdi  division  of  the  Saint  Louis 
are  sometimes  used.  The  best  deposits  occur  at  various  points 
along  the  flood  plain  of  the  Skunk  river  and  of  Big  Cedar  and 
Big  creeks,  where  almost  unlimited  quantities  can  be  obtained. 
The  wind  formed  hills  of  sand  which  occur  in  Jeflferson  township 
are  also  an  important  source  of  supply.  Very  little  of  this  ma- 
terial is  met  with  over  the  northeastern  portion  of  the  county. 

Clay. 

The  beds  of  the  Upper  Carboniferous  series  in  a  few  places 
afford  some  materials  suitable  for  the  manufacture  of  the  finer 
grade  of  clay  goods,  but  they  are  too  thin  and  cover  too  small  an 
area  to  be  a  very  important  source  of  supply.  They  are  not  at 
present  worked  at  any  point  within  the  county. 

The  deposits  of  the  Pleistocene  furnish  an  unlimited  amount 
of  raw  material  suitable  for  the  manufacture  of  the  conunon, 
coarser  kinds  of  clay  products,  such  as  construction  brick  and 
drain  tile.  These  deposits  cover  the  entire  surface  of  the  county 
and  make  possible  the  burning  of  brick  and  tile  at  almost  every 
locality  over  the  area.  Almost  every  small  village  has  its  brick 
kiln  which  is  supplied  with  inexpensive  machinery  and  is  not 
worked  continuously,  a  supply  being  burned  as  often  as  the  de- 
mand requires.  The  brick  and  tile  are  made  from  the  loess  clay 
which  covers  the  drift  in  some  places  to  a  depth  of  several  feet. 

Turley  Brothers.— In  the  southeastern  part  of  Baltimore 
township  is  located  the  pottery  works  of  Turley  Brothers,  where 
a  few  men  are  employed  during  tlie  summer  months  in  the  manu- 
facture of  the  coarser  articles  of  earthenware,  such  as  crocks, 
jars  and  jugs  of  various  kinds.  There  is  no  modem  machinery 
employed  at  this  place,  but  the  work  is  almost  all  done  by  hand. 
The  market  is  mostly  local,  the  products  being  hauled  by  wagons 
to  the  neighboring  towns.  The  clay  which  is  used  comes  from 
drift  which  is  probably  of  Illinoian  age.    It  is  light  colored,  con- 
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tainicg  but  little  sand  or  pebbles  and  is  somewhat  greasy  to  the 
feel. 

Winfield  Brick  and  Tile  Co.— At  the  town  of  Winfield  there  is 
a^  brick  and  tile  factory  operated  by  Mr.  Beecher  Pierce.  The 
clay  is  furnished  by  the  loess  which  is  exposed  in  the  pit  to  .a 
depth  of  about  eight  feet.  It  is  underlain  by  a  bed  of  sand  and 
gravels.  This  clay  contains  a  lower  percentage  of  iron  than  that 
used  at  New  London  which  gives  to  the  products  a  somewhat  yeli 
lowish  color.  The  ware  is  very  hard,  ringing  well  when  struck 
with  a  hammer.  The  plant  includes  the  main  factory  building, 
a  drying  house,  eighty  by  thirty  feet,  three  round,  down  draft 
kilns,  and  a  Brewer  &  Company  tile  machine.  It  has  a  capacity  of 
from  2,500  to  10,000  tile  per  day.  Ten  men  are  employed  from 
April  1st  to  January  1st  of  each  year.  Home  trade  is  the  main 
market,  the  wares  being  distributed  over  a  radius  of  ten  or  twelve 
miles. 

New  London  Brick  and  Tile  Works.— Brick  and  tile  are  manu- 
factured at  New  London,  Iowa,  by  Mr.  C.  E.  Magers.  The  fac- 
tory was  established  in  1891  and  employs  fifteen  men  throughout 
the  year.  The  plant  embraces  two  round,  down  draft  kilns,  a 
steam  drier  and  a  main  building  90  by  120  feet  containing  two 
stories,  which  give  15,000  square  feet  of  floor  room.  The  com- 
bined output  of  tile  and  brick  has  a  value  of  about  $10,000  annu- 
ally. The  clay  is  taken  from  a  bank  of  loess  ten  feet  in  depth. 
The  market  is  largely  local,  a  part  of  the  products  also  being  sent 
to  different  points  in  the  neighboring  counties  of  Lee  nnd  Des 
Moines. 

Water  Supply. 

The  waters  of  Skunk  river  and  of  Big  Cedar  and  Big  creeks  con- 
tinue to  flow  throughout  the  year,  furnishing  an  excellent  water 
supply  to  the  areas  through  which  they  pass.  The  most  of  the 
smaller  streams  are  usually  dry  during  a  portion  of  the  summer 
months.  Wells  sunk  in  the  sui^erficial  deposits  furnish  an  abund- 
ant supply  of  pure  water  at  a  depth  ranging  from  thirty  to  two 
hundred  feet  No  deep  wells  penetrating  the  indurated  rocks  have 
been  put  down  within  the  county  except  one  at  Mount  Pleasant, 


302  GEOLOGY    OF    HENRY    OOHNTY. 

which  is  on  the  grounds  of  the  State  Hospital  for  the  Insane. 
This  well  has  a  depth  of  1,125  feet,  and  obtains  its  water  supply 
from  the  porous  sandstone  of  the  Saint  Peter  stage. 

Water  Power. 

The  Skunk  river  furnishes  abundant  water  power  except  dur- 
ing the  periods  of  long  continued  drouth.  This  power  is  utilized 
by  flouring  mills  at  three  different  points  along  its  course.  Mer- 
rimac  mill  is  located  near  the  southwest  corner  of  Jefferson  town- 
ship. Oakland  mill  is  near  the  eastern  border  of  Tippecanoe 
township,  and  the  Lowell  mill  is  at  the  village  of  Lowell,'  in  the 
southern  part  of  the  township  of  Baltimore.  All  of  these  mills 
run  continuously,  and  are  provided  also  with  steam  power,  which 
they  use  during  periods  of  low  water. 
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come  to  distinction  as  the  most  fortunate,  fertile  and  prosperous 
section  of  a  famous  state* 

These  two  counties  have  on  the  north  O'Brien  and  Clay,  coun- 
ties already  described  in  this  series  of  reports  ;*  on  the  west 
Plymouth  county,  fully  discussed  in  Volume  VIII  ;f  on  the 
south  they  are  bounded  by  Woodbury,  Ida  and  Sac, 
and  on  the  east  by  Pocahontas.  Each  county  is  exactly 
square  and  contains  sixteen  congressional  townships.  For 
purposes  of  present  description  the  two  counties  are  here  as- 
sociated; but  as  a  matter  of  fact,  they  are  in  many  particu- 
lars, as  the  sequel  will  show,  quite  as  unlike  as  two  prairie  coun- 
ties well  could  be.  Present  unlikeness  in  the  present  instance, 
of  course,  bespeaks  different  history,  and  our  story  is  marked  by 
contrasts  everywhere  and  not  by  comparisons.  Cherokee  county 
is  more  like  Plymouth  and  Sioux;  Buena  Vista  resembles  part 
of  O'Brien  and  Clay  and  especially  the  counties  farther  north, 
Buena  Vista,  true  to  the  meaning  of  its  name,  has  its  own  pecul- 
iar chann;  Cherokee  presents  a  landscape  so  varied  and  yet 
withal  so  moderate  as  to  be  without  a  rival  in  all  that  looks  to 
agricultural  beauty  and  easy,  fortunate  husbandry. 

PREVIOUS  GEOLOGICAL  WORK. 

These  two  counties  have  never  hitherto  been  studied  by  the 
naturalist.  Dr.  AVhite  seems  to  have  crossed  them  and  to  tliem 
devotes  something  more  than  a  page; J  but  satisfactory  study  and 
thorough  description  were  at  that  time  prohibited  alike  by  the 
state  of  geological  knowledge  and  by  the  limits  under  which  Dr. 
White's  survey  was  made.  The  part  taken  by  Owen  and  Nicollet 
in  the  discovery  and  description  of  this  northwest  ix)rtion  of  the 
sbite  has  been  already  sufficiently  set  forth  in  these  reiK)rta.§ 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

To  an  ordinary  observer  it  might  seem  idle  to  attempt  to  find, 
much  less  to  describe  anything  of  interest  in  the  so-called  mo- 

•  lowaGeoI.  Sar?.,  vol.  XI,  pp.  461,  Sc8. 

f  Iowa  Geol.  Surv.,  vol.  VIII.  pp.  31^366. 

I  Geo!.  Surv.  of  Iowa  by  Charles  A.  White,  vol.  II,  pp.  2aS-6,  1870. 

9  Iowa  Geol.  Surv.,  vol.  X,  p  191,  and  vol.  XI,  p.  40S. 
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notoDOus  prairie  of  our  northwestern  counties.  At  first  sight 
to  most  people  one  prairie  is  exactly  like  another,  and  a  ''roll- 
ing" landscape  in  one  locality  is  simply  the  counterpart  of 
"broken"  country  twenty-five  or  fifty  miles  away.  But  let  the 
attentive  observer  once  traverse  the  prairie  with  the  special  in- 
tent of  study  or  comparison  and  his  views  of  monotony  and  of 
prairie  topography  in  general  will  undergo  remarkable  change. 
Especially  will  this  be  the  case  if  the  path  of  his  investigation 
chance  to  cross  the  two  counties  now  the  theme  of  description 
and  discussion. 

Let  our  traveler,  for  instance,  enter  Cherokee  county  from  the 
west,  near  the  middle  of  its  western  boundary  and  pursue  a 
course  directly  east  across  Cherokee  and  Buena  Vista  counties; 
at  first  he  will  encounter  a  comparatively  level  plain;  ** gently 
rolling,"  he  would  say.  But  as  he  proceeds  the  hollows  deepen 
and  he  presently  encounters  the  broad  fine  valley  of  the  Little 
Sioux,  west  fork,  stretching  southward.  Again  he  ascends.  The 
country  once  more  becomes  nearly  level  only  to  break  again  into 
the  succeeding  south-extended  valleys  of  AVillow  and  Rock 
creeks;  until  at  length  it  reached  the  deep  trough  of  the  Little 
Sioux  itself,  a  great  eroded  channel,  with  high,  bowlder-strewn 
bluff-like  banks,  much  too  large  indeed  for  the  present  dimin- 
ished stream.  Crossing  this  the  western  topography  is  repeated. 
The  several  branches  of  the  Maple  succeed,  each  showing  an 
erosion  valley  leading  south,  perfectly  draining  the  meadows 
and  separated  by  long  low  ridges,  sometimes  of  such  width  as 
to  make  the  lifted  meadows  and  fields  almost  perfectly  flat,  a 
plain  and  yet  a  water-shed.  Such  or  similar  topography  carries 
us  a  little  distance  across  the  eastern  boundaries  of  the  county. 
We  enter  Buena  Vista.  For  several  miles  the  traveler  notes  little 
difference;  but  as  he  pursues  his  journey  eastward  suddenly  the 
scene  is  entirely  changed.  He  passes  over  the  last  broad  clay- 
covered  ridge  and  looking  southward  may  behold  the  town  of 
Alta,  beautifully  located  and  perfectly  named,  a  crest,  a  summit 
of  older  than  historic  interest.  Still  trending  eastward  the  trav- 
eler presently  finds  himself  confronted  by  an  unexpected  swamp, 
a  marsh  of  unusual  extent,  sufficient  perhaps  to  deflect  the  un- 
opened section  highway.  Beyond  the  swamp,  safely  crosssed  or 
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turned  by  some  detour,  rises  a  singular  ridge  which  proves  to  be 
made  of  sand  or  gravel  and  is  entirely  unlike  the  crests  of  Chero- 
kee county,  as  different,  in  fact,  as  different  can  be,  precipitous, 
narrow,  soon  crossed,  landing  the  traveler  by  perhaps  irregular, 
abrupt  descent  upon  a  plain  again,  which  curiously  enough  shows 
no  erosion,  or  only  the  slightest,  has  no  valleys  and  no  streams,  no 
ridges  with  their  sloping  sides  as  water-sheds,  but  instead  a  confu- 
sion of  irregular  mounds,  some  perhaps  worthy  the  name  of  hills, 
others  simply  swells  or  low,  abrupt,  causeless  elevations,  a  few  feet 
in  height,  on  which  perchance  the  farmer  has  pitched  his  farm- 
stead, as  if  to  keep  out  of  the  general  wet.  Some  of  the  hills  are  so 
large  and  mound-like  as  to  have  attracted  everybody's  attention; 
they  are  real  knolls,  almost  dunes,  with  a  trend  southeast,  north- 
west. 

As  the  traveler  proceeds  great  marshes  again  obstruct  his 
course,  affecting  not  sections  only,  but  sometimes  a  townshi]) 
entire ;  there  are  no  bridges,  only  here  and  there  a  culvert  through 
which  the  road-makers  have  coaxed  part  of  the  slough  water 
from  one  side  of  the  road  to  the  other,  it  matters  little  in  which 
direction.  To  the  south  are  the  beginnings  of  the  Raccoon  river, 
small  creeks  which  wind  about  through  lands  much  better 
drained.  To  the  north  the  mounds  and  ridges  are  again  the  fea- 
tures of  the  landscaj)e,  stretching  off  about  the  town  of  Mara- 
thon, becoming  more  and  more  prominent  as  we  approach  again 
the  county  line. 

The  topography  of  the  country  is  an  inscription  written  in 
large  letters,  it  is  true,  and  occasionally  somewhat  obscured  and 
blurred,  since  it  often  overlies  similar  earlier  inscriptions— be- 
comes a  palimpsest  in  most  real  sense— but  an  inscription  it  still 
remains,  legible  enough  once  we  find  the  key  and  take  the  pains 
to  decipher  line  after  line. 

The^e  topographical  differences  between  two  adjoining  sections 
of  the  country  are  accordingly  no  accident.  We  should  find  very 
similar  contrasts  if  we  drive  from  Sac  to  Calhoun,  or  from 
Crawford  into  Carroll  county.  We  have  l>efore  us  two  distinct 
topographic  plans  or  types,  each  bringing  with  it  a  history  of 
its  own.  The  topography  of  Cherokee  county  is  erosional;  that 
of  Buena  Vista  county,  morainic.     The  first  represents  the  gen- 
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eral  effect  of  long  continued  weathering,  the  washing  of  stonn- 
waters  down  a  broad  and  gentle  slope ;  the  second  shows  the  scat- 
tered piles  of  drift  material  and  detritus  dejiosited  by  some 
great  glacier  or  ice-sheet,  once  dominant  so  far  south  and  west, 
its  debris  as  yet  little  affected  by  the  rains  and  snows  of  I  he  cen- 
turies that  have  since  elapsed. 

In  our  present  problem  erosion  finds  extremest  illuHtmtion  in 
the  deep-cut  valley  of  the  Little  Sioux;  the  drift,  or  inoruinic 
topography  is  emi>hasized  when  the  swamj^s  and  marshes  deej)en 
into  lakes,  as  in  the  counties  immediately  to  the  north  of  us,  or 
when  ihe  hills  and  kames  rise  to  ridges  or  knobs  of  considerabUf 
height,  as  at  Ruthven  or  in  the  vicinity  of  Ocheyedan;  in  our 
present  limited  district  there  are  really  no  morainic  lakef*.  though 
plent>'  of  swamr>s,  and  the  morainic  elevations  are  generally  low 
and  insignificant 

Of  course,  we  have  not  overlooked  Stonn  lake.  Here  is  a  liody 
of  water  fine  enough  and  large  enough  to  d<*K^^rve  not  mentupn 
only,  but  a  more  or  less  complete  des^fription,  from  wliat  hwi 
been  said  and  from  accounts  heretofore  given  of  Spirit  hike  ami 
Okoboji*  it  is  evident  tliat  Stf^nn  lake  J>elongs  in  ^ntut  way  at  l/eiist 
to  that  great  series  or  cJiain  of  fresh  water  glucinl  fx^ok  that  ex- 
tends from  far  northwest  in  Minn^^>ta  and  S^^uth  Dakota  all  the 
way  to  Wall  lake  in  Iowa  and  the  fxxjls  of  <  Jreen  and  l>alla*?  i^mu- 
ties  farther  south  and  eai?t. 

One  of  the  largest  of  our  gla^^Lal  lak<:?s.  Stonn  lake,  h  ^trsmfcely 
eoougli  one  of  the  most  sliallow.  Its  extreme  length  jk  aUyat 
three  and  one-half  miles;  its  greatest  breadth  al>out  two  miiesj. 
The  fohores  are  low  and  generally  even  witli  severaJ  saiidy 
l^eaches-  Kowlders  fonnerly  derir>rat^l  th^:*  whole  Margin,  but 
es}»e<'ially  the  nortliem  and  eastern  lim.  as  with  an  orixHXAf  walL 
but  these  have  mostly  been  long  since  hauled  away  by  eiitf^rj>m 
ing  builders.  The  bottom  of  the  lake  is^  however.  r^i>ijrVbd  to  }^ 
paved  with  stone  in  majay  plaoes,  and  here  and  tiiere  alofig  the 
shore  an  erratic  block  of  onosual  size  may  yet  be  seen.  The  gineat- 
est  dejjth  of  the  lake  from  aU  accounts  does  not  exceed  fiftw?n 
feet ;  the  outlet  onee  a  marshy  slou^k,  has  long  sin<>e  been  elosed ; 
Ihb  incoming  streauns  are  fen*  and  of  minor  inaj^Mrtaiiee-     Tbe 

G0OI  Bmn.,  vol.  X.  19. 
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fact  is  the  lake  has  been  slowly  filling,  probably  for  a  long  time, 
and  chiefly  by  vegetable  detritus.  Gnce  the  lake  seems  to  have 
stretched  away  in  shallow  expanse  much  farther  to  the  north  and 
west  as  evidenced  by  the  present  reedy,  marshy  swamp,  un- 
drained,  extending  half  way  to  Alta. 

To  one  accustomed  to  Spirit  lake  and  Okoboji  it  is  a  matter 
of  surprise  to  see  no  high  hills  or  mounds  about  Storm  lake.  The 
surroundings  are  remarkably  low,  almost  flat  in  fact,  with  no  hills 
worthy  of  the  name  approaching  the  lake  on  either  side.  But 
the  truth  is  the  history  of  Storm  lake  is  entirely  different  from 
that  of  either  of  the  lakes  named.  Those  are  far  within  the  mo- 
raine of  the  Wisconsin  drift.  Storm  lake,  on  the  other  hand,  is 
at  the  very  limit  of  the  same  drift-sheet  It  would  seem  to 
be  the  remnant  of  some  preglacial  valley,  part  of  the  drainage 
system  of  this  country  before  the  Wisconsin  ice  came  on;  or  it 
may  rei)resent  part  of  the  drainage  channel  that  at  one  time  lay 
along  the  glacier's  front,  choked  up  at  length  by  the  extension 
of  the  ice  below,  that  is,  toward  the  southeast.  The  drainage, 
never  very  vigorous  here,  since,  as  we  shall  see,  most  of  it  went 
north  by  way  of  Brooke's  creek,  was  easily  checked  and  Storm 
lake  with  its  accomijanying  swamp  was  the  result  That  the 
stream  was  thus  checked  is  evident  from  the  circumstance  that 
the  lake's  outlet  when  all  glacial  topographic  change  had  ceased 
was  into  the  Coon  river,  an  intra-morainic  stream,  and  not  by 
way  of  the  glacier's  margin.  The  ice  was  possibly  not  very  thick 
here  and  the  morainic  materials  are  proportionately  scant.  Never- 
theless, Stonn  lake  is  a  beautiful  feature  of  this  prairie  landscape. 
Its  bright  waters  attracted  the  pioneer ;  nor  are  they  less  charm- 
ing to  the  thousands  of  peoi)le  who  now  find  happy  homes  about 
its  curving  shores.  Its  unprotected  surface  and  its  shallowness 
expose  the  waters  of  the  lake  to  the  full  violence  of  the  wind. 
These  are  stirred  to  the  very  bottom,  producing  the  wildest  effects 
in  both  waves  and  color;  henc^  the  name. 

The  Little  Sioux  valley,  the  topographic  feature  of  opi>osite 
type,  is  interesting  for  several  reasons.  It  is  a  great  channel  cut 
through  drift,  and  although  recent  as  the  story  of  Iowa  goes,  is 
yet  far  older  tlian  Storm  lake  or  any  of  the  morainic  topography 
of  Buena  Vista  county.    When  the  glacier  lay  on  all  the  plains  to 
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the  east  and  north,  the  valley  of  the  Little  Sioux,  as  it  appears 
in  Cherokee  county  today,  broad  and  deep,  did  its  part  in  carry- 
ing away  the  waters  from  the  glacier's  front,  tlie  constantly  melt- 
ing margin.  Indeed  the  valley  seems  to  have  been  more  than 
once  nearly  choked  by  deposits  of  Wisconsin  gravel  and  perhaps 
in  the  upper  parts  of  its  course  with  ice.  Especially  north  of 
Cherokee  the  banks  of  the  river  valley  are  eveiywhere  marked 
by  gi-avel  terraces  far  above  the  flood-plain  of  the  present  stream, 
sometimes  as  much  as  a  hundred  feet  above  it.  Such  deposits 
are  not  the  effect  of  ordinary  erosive  process.  There  is  every 
evidence  that  the  channel  of  the  river  had  been  fully  excavated 
long  before  these  deposits  came  to  place.  Sometimes  they  hang 
as  a  simple  residue  far  up  on  the  side  of  the  sloping  bluff,  as 
in  section  one  of  Cherokee  township;  again  they  form  great 
masses  and  parapets  choking  up  half  the  valley  as  in  Spring 
township;  sometimes  two  or  three  succeeding  terraces  may  be 
traced,  as  in  section  one  of  Cherokee  township.  The  main  part 
of  the  city  of  Cherokee  rests  upon  one  of  these  benches ;  the  Illi- 
nois Central  railway  follows  another  north  of  the  city.  South 
of  Cherokee  the  deposits  are  still  abundantly  traceable  but  they 
are  as  a  rule  much  lower ;  nevertheless,  they  affect  the  configura- 
tion of  the  valley  entirely  across  the  county. 

The  presence  of  these  gravel-trains,  for  so  such  deposits  are 
named,  affects  the  topography  in  yet  another  way;  the  gravel 
has  not  only  in  many  places  filled  up  and  obliterated  older  ero- 
sion features,  but  it  has  itself  been  subject  all  the  while  to  the 
processes  of  erosion.  This  often  brings  about  a  superposition 
of  a  newer  topography  directly  against  or  upon  one  a  groat  deal 
older.  We  encounter  evidence  of  recent  change,  of  newness  and 
youth,  where  we  should  naturally  expect  the  reverse.  The  walls 
of  the  river  valley  to  the  north  everywhere  show  this.  Old  trib- 
utary streams  have  been  choked  across,  and  new  channels  later 
excavated,  sometimes,  generally  indeed,  in  the  direction  of  the 
older  valley;  not  always.  The  banks  of  Mill  creek  show  all  along 
these  same  erosion  peculiarities;  high  terraces  of  gravel  cut  by 
recent  steep  and  short  erosion  channels.  The  same  thing  may  be 
observed  in  the  valley  of  Brooke's  creek,  especially  in  Brooke 
township,  Buena  Vista  county.    These  gravel  banks  often  give 
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rise  to  springs,  as  in  section  fifteen  in  Cherokee  township.  These 
are  to  be  explained  by  the  topographic  or  structural  peculiarities 
just  described.  Storm  waters  of  the  older,  generally  higher  ter- 
race are  caught,  filtered  and  allowed  to  emerge  slowly  at  the  last, 
often  far  above  the  level  of  the  present  streams.  Sometimes  the 
gathering  ground  is  not  extensive  enough  to  form  a  spring  of 
constant  flowing  stream,  and  we  have  simply  a  hillside  seep  or 
bog.  Everywhere  the  gravel  along  the  principal  stream  has 
filled  the  mouths  of  incoming  valleys  and  then  been  again  cut 
out,  so  that  the  mouth  of  any  tributary  valley  is  apt  to  be  the 
narrowest  part  of  it. 

The  effect  of  this  upon  the  landscape  is  sometimes  very  peculiar, 
often  very  beautiful.  From  the  hill-top  in  Morey 's  field  in  Spring 
township  of  Cherokee  county,  the  view  is  one  of  the  finest  in 
northwestern  Iowa ;  one  of  the  finest  in  the  whole  prairie  country. 
To  the  north  is  the  far-stretching  terrene  of  O'Brien  county; 
below  and  close  at  hand  the  level  meadows  of  the  flood  plain  of 
the  Sioux,  here  very  wide;  east  and  south  great  gravel  terraces 
close  in  the  view  with  sculpture  of  the  most  varied,  but  withal 
most  softened  and  pleasing  contour. 

Between  the  Little  Sioux  and  Mill  creek  is  a  wide  gravel  tongue 
canned  on  both  sides  by  recent  erosion  and  presenting  everywhere 
evidence  of  the  newness  of  its  topography.  We  have  already 
had  occasion  to  mention  the  topographic  differences  between 
Cherokee  and  Buena  Vista  counties ;  but  even  in  Cherokee  county 
the  difference  in  fonn,  in  relief,  between  the  steep  bowlder-strewn 
sloi>evS  in  Cherokee  and  Cedar  townships  and  the  fair  and  long- 
sloping,  loess-covered  hillsides  of  Rock  and  Tilden  townships 
is  not  only  patent,  but  seems  sufficiently  striking  to  awaken  the 
intelligent  interest  of  eveiy  student,  not  to  say  every  intelligent 
farmer. 

Eveiywhere,  especially  to  the  northeast,  the  topography  of 
Cherokee  county  has  been  profoundly  modified  by  close  associa- 
tion with  a  topography  of  an  entirely  different  character  as  will 
appear  in  what  is  here  to  follow.  The  topography  indeed  seeans 
to  be  all  erosional;  but  the  typical  and  pure  sculpture  of  the 
erosion  model  does  not  appear  north  and  east  of  Mill  creek  valley. 
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DRAINAGE. 

The  drainage  of  the  two  counties  is  eorrehitiMl,  of  conrsc,  with 
the  topography,  affects  it  or  is  aflfecteil  by  it.  Tlio  (lraiMag<»  of 
Cherokee  county  belongs  to  three  distinct  systeiim.  Mu<»nn  Vista 
county  has  in  large  part  no  natural  drainage.  Its  pniiri<»s,  how- 
ever, lie  on  the  great  divide  of  Iowa,  and  the  streaiiiH  that  do 
serve  fall  now  east,  now  west,  and  so  enter  in  on(»  dir(»ctiofi  lh'» 
tributaries  of  the  Mississipi>i,  in  the  other  those*  of  th(»  Missouri 
river.  In  Cherokee  county,  excei)t  a  few  localiti(*s  to  the  north, 
the  drainage  is  practically  perfect;  the  general  slojio  is  U>  th«! 
southwest  deepening  and  widening  channels  in  the  sairie  dirwliori, 
slowly  deepening  and  widening  channels  in  the  same  din^'tiori. 
Of  these  the  principal  is  the  Little  Sioux  river  whicfi  traverwM 
the  county  almost  diagonally  from  northeast  U>  southwest.  Itn 
valley  is  wide  south  of  Cherokee  city;  its  banks  are  generally 
high  and  in  many  places  covere<l  with  native  fonrst  Where  the 
channel  is  narrower  it  is  so  on  acrfiunt  of  the  vast  def;^mitH  of 
gravel  already  described.  Nevertheless,  even  at  its  entrance  iiiU) 
the  countj'  where  gravel  abounds,  the  ftfxnl  jAain  of  the  river  is 
still  wide  enough  to  afford  room  for  fine  meadows  and  far  ext/rnd- 
ing  farms  sheltered  by  high,  prcK-iiiitoiis,  blnflTlike  b^nk^.  The 
waters  of  the  river  are  unfailing,  Imt  the  present  rate  of  ^rfmiou, 
thongh  constant,  is  small.  ^>nly  in  times  of  fr^-shet  fh^i  it  ap 
pear  that  there  is  any  cutting  at  all  and  then  chiefly  througb  tb<' 
shifticg  of  the  current  from  side  to  side  as  'm  (ms^i/mi^ry  siUptifc 
all  OTir  prairie  streams.  Kven  this  erosion  is  more  th^^n  ma/k' 
good  by  the  deposit  of  material  broaglit  in  e/»JisktaiUt\y  fr^/fh  ibe 
adjoining'  cultivated  fields.  But  the  irnpre*!«ive  ff^nr^^  ^4  tit^ 
entire  eonrse  of  the  stream  is  e%'erywlwre  the  graveL  ^/rnnipr^ 
ent,  hanging  along  the  fianks.  South  of  th#f  fity  of  (lArroV^^,  iiu' 
aeeumnlatiofis  are  for  the  first  four  rnilen  Ut^tA  alrri^/*.*  m\h^My 
on  the  east  side  of  the  «tream  and  are  piled  agaifj^t  tfy-  ol/W 
bonks  to  a  heiirfit  of  fortv  or  fiftv  feet:  b^ow  PiUx  Ko^'k  thi^  titu- 
atkm  is  reversed.  Pilot  KoHc  efaurf+i  *taridi*  ujjoti  a  gra':H  piain 
a  mile  or  m^re  in  width  and  \^^\h\y  thirty  or  forty  f(^'*  zi^/'r^ 
die  pceaent  level  of  xtAr  ^^trf^san.  aJl  wiy»t  of  th^  n^^'^rt,  Ar  ^^iirr, 
by,  a  feir  mik*  f^rv^^f^  i»o^bwe»t.  th^  river  i.-*  wt»j!r  in^t  of 
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the  gravel  plain,  and  so  on;  the  stream  shifting  back  and  forth 
to  the  southern  boundaries  of  the  county. 

Immediately  north  of  Cherokee  city  the  Little  Sioux  receives 
one  of  its  principal  tributaries,  Mill  creek.  This  is  ^  fine  peren- 
nial stream  which  enters  the  county  near  the  middle  of  its  north- 
em  boundarj'^  and  brings  with  it  the  drainage  of  nearly  the  whole 
of  O'Brien  county.  Mill  creek  has  also  suffered  immensely  by 
deposits  of  gravel.  From  section  1  in  Liberty  township  south 
and  erst  the  creek  has  simply  made  its  way  through  great  piles 
and  banks  of  glacial  detritus  that  become  more  and  more  pro- 
nounced as  we  approach  the  Sioux. 

A  high  table-land  of  drift,  skirted,  west  of  Cherokee,  by  the 
Illinois  Central  railway,  separates  the  entire  drainage  area  of 
Mill  (Teek  from  that  of  the  southern  slope  of  the  county.  Here, 
that  is,  west  of  the  Little  Sioux,  a  series  of  smaller  streams,  Fid- 
dle creek.  West  fork.  Rock  creek  and  others,  flow  in  long  straight 
valleys?  almost  directly  south,  affording  ample  drainage  and  in 
ordinary  years  a  constant  supply  of  water.  East  of  the  Sioux 
the  Maple  river  with  its  tributaries  exhibits  a  typical  prairie 
erosion-drainage-system.  The  stream  channels  seem  to  reach 
everj'  part  of  the  terrene,  dividing  and  subdividing,  in  the  most 
natural  fashion,  nowhere  choked  by  deposits  from  without,  nor 
bordered  anywliere  by  gravel  trains  save  those  which  may  be 
accounted  for  by  causes  purely  local.  The  flood  plain  of  Uie 
Maple  is  generally  a  rich  black  alluvium  of  indefinite  depth,  ex- 
posed here  and  there  by  an  erosion  that  has  followed  the  cultiva- 
tion of  the  valley. 

The  drainage  of  Buena  Vista  county,  such  as  there  is,  is  in  al- 
most every  way  wholly  different  from  that  just  described.  The 
Little  Sioux  skirts  the  county  along  the  north  and  receives  as 
tributary  Brooke's  creek  and  one  or  two  minor  streams;  the  Coon 
river  becomes  efficient  in  some  of  the  southeastern  townships; 
but  the  entire  central  and  eastern  portion  of  Buena  Vista  county 
is  without  any  natural  drainage  at  all.  Instead,  we  have  here 
simply  wide  marshes  and  low  sand-hills  as  already  described. 
The  valley  of  the  Little  Sioux  is  wide  and  deeply  eroded;  prob- 
ably a  valley  of  erosion  in  large  part,  although,  as  state<l  in  our 
discussion  of  Clay  and  O'Brien  counties,  that  part  of  the  valley 
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before  Linn  Grove  seems  of  <lifft(r«tit  limlnry  lunl  iimy  Iw  in  |iHii 
const i-uctional.  The  banlcH  of  tlie  livcr  Iti  Hiicim  Vi«lii  I'niitMy 
are  generally  precipitous,  brcnkinK  down  wnil'l'-nly  fp"lii  III" 
common  level  witli  short,  pn^Mjiitoiw,  niurnw,  Irilpiifiiiy  niviiicB, 

The  Raccoon  river,  or  Nortli  i'tym  rivt-r,  im  if  Mfiiinln  "ii  IIh-  IocuI 
maps,  ai)i>ears  as  a  conHid(;rahIc  Htrcjiiii  in  I'rovidcru'"  ti-v/mU'i]: 
It  is  for  many  miles  of  ittt  t'lrtiiouH  foiirm-  jxTi'iiniiil,  fi"\  \iy 
seeping  springs  and  long  cKwked  ))rairic  HioiiKhn,  dmw  k''" '"dly 
either  tiled  or  at  leant  in  proci-MM  of  iLr1iti<'ifd  'ii iiiiiiiifi-  fit  wuri" 
sort.  The  former,  soutliem,  outlet  of  Storm  hil'c  tn  iiti'-  of  the 
tribntaries  of  the  <"o<in;  another  hr»Ti<li  tjifrt-H  riw  hIj'-ii'  loilf  » 
mile  north  of  the  lake  Hhore  hut  in  ml  o!f  fioirt  tlf  hiU"  }•'/  n  l"w 
platena  of  sand  and  gravel  u|K»n  wlii''li  nlmuh  Ih'-  '-ity. 

Th>?  mo:«t  interesting  Htrearn  in  I'ni-na  Vista  i-fnitiiy  i«  iir'frl'f'K 
creek.  This  stream  al«*»  take«)  ri-w  in  uiHT^hy  if,r'mtti\  »V/nt  »  ifif\f 
and  a  half  north  of  the  lake  awl  tJ/rtCii  H\ff;^r*t  /)ifw-fjy  t,t,r*U  to 
the  Liftle  Si-.ni.  Flow-,  did  w-  «ay  f  K*'/»-»  *•  »  tprn.  U/,  *ir'mn 
by  far.  For  th*  greater  j<art  of  i'si  ii,nr**'  HT'frx*-'*  "t'-^  ftit 
sisls  bizfii-.y  of  a  sq^y»«>i'rfi  of  isj%r*.t!*-*  Ir/    s.nf-.r'-   ,r.',;*rf*/''*j' 
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steep,  bluffy,  banks,  gravel  beaches  and  short  impassable  tribu- 
tary ravines.     (Fig.  56.) 

The  southwest  townships  of  the  county  are  well  drained  by 
the  several  branches  of  Maple  creek.  Maple  river  in  Cherokee 
county.  In  all  parts  of  Buena  Vista  county  where  natural  drain- 
age has  been  less  efficient,  artificial  channels  have  been  constructed, 
their  course  dictated  by  the  art  of  the  civil  engineer.  Some 
of  these  form  far-extended  systems  and  drain  whole  townships 
at  a  time. 

In  general,  in  comparing  the  streams  of  the  two  counties  here 
discussed  it  may  be  said  that  Mill  creek,  the  Little  Sioux, 
Brooke's  creek  and  the  several  branches  of  the  Coon  river  are 
all  that  they  are  largely  by  virtue  of  their  relation  to  the  Wis- 
consin drift;  all  the  other  drainage  channels  here  mentioned  are 
simple  erosion  valleys,  ramifying  into  what  was  once  a  nearly 
level  plain,  the  conduits  of  storm- water  and  tliis  alone,  in  all 
their  history.  The  first  named  channels  are  plainly  different. 
Only  casual  obsei-vation  suffices  to  show  that  they  have  been  at 
some  time  flooded  to  tlie  brim,  that  they  have  been  again  and 
again  choked  up  witli  gravel,  as  often  largely  eroded  and  swept 
clean,  and  that  they  now  accoimnodate  streams  insignificant  in 
the  presence  of  such  effects. 

STRATIGRAPHY. 

The  geological  fonnations  recognizable  in  Cherokee  and  Buena 
Vista  counties  are  wholly  of  recent  age.  That  is,  they  have  been 
laid  down  in  times  recent  and  new  as  tilings  geologic  go.  They 
consist  in  Iowa  of  sands,  gravels,  clays,  or  of  a  mixture  of  all 
three;  often  mingled  together  in  any  given  locality,  nevertheless 
not  without  a  certain  definite  and  easily  ascertainable  order  when 
taken  in  wider  and  more  comprehensive  view. 

Those  superficial  strata  are  called  collectively  the  Cenozoic, 
and  I  hose  with  which  we  have  here  to  do  are  the  latest  of  the 
Cenozoic.  The  following  table  shows  the  relation  of  these  deposits 
to  each  other  as  these  occur  in  northwestern  Iowa, 
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TABLE  OF  FORMATIONS  IN  BUENA  VISTA  hHD  CHEKOKKE  COUNTIES, 


•ta/;r. 


GlacuU. 


!  Alluviiil 


WificoDMO  cUyft 


WiscoD^ia  gfAv«l#, 


f»eic 


.  Kaoiiao 


fy^'Kat>hai3 


Pleistocene  Deposits. 


THE  KAIfiSAK  I^KJFT 

The  Kansaii  drift  a*?  fr^y^iieiitJy  *if4ij>'d  Ju  tli^b^  ji^ir./rt^  ijt 
er«yirbere  identified  by  th^  ].»rebeii^A*  of  a  honz^m  <A  Wwf  ^lay 
wliidb  aI>pea^f^  to  und^^Jk*  aJ]  t^>rVt  of  Kurf'a<**  d»^>/fc>ith.  <*f  wtiat- 
€Ter  agjfe:,  over  almost  the  state  eutiTv.  'J'jbeii^'  Wu*:*  <'*iay  de}X«tsite. 
wiieD  Iciiig  €•:::] iosed  to  the  veather  or  to  02:idatiou  dm:*  lo  pivx- 
imitx  to  the  pre«eiit  surfa^^e-  ^jpe^.-oiiie  \v>v\  wwxAi  «*iaiii)i:K]  iu  up- 
jiearanee.  They  loBe  the  blue  tiioie  entirely  aud  W^»i!ie  l«vwu 
or  Tellavifib  and  trhere  fr»5e  froiu  baud  and  ;K:ra\>*]  ofutu  show 
a  peculiar  jointed  Htrueture.  a*-  of  *.-r}  Ktalline  oriKiiu  oftt*iJ  with 
further  deeok^mtion  or  oxidatiou  luarkiux  tlie  8«^iijh.  Ju  rilii^  ^con- 
dition bed^  of  Kaiihaii  ciav  mav  hoiuewimt  it-Hembie  j»M:?t>h.  but  are 
eaeDy  distiiigiii^lied  by  ia*-4'  of  hoiuoj^eu^ity.  l»y  the  j>i-ei>eiioe  of 
drift  |jebbleii.  bovlden?  of  various  ^ii\sj\]fk^  and  lst5ie^  dintributed 
thronph  tiie  clay. 

JSow  in  the  two  eouutieb  here  Ktudied.  ai^  il  all  uortfiwetrten] 
Iowa.  IhtJTie  is  no  doubt  of  tl^e  univerisal  j»rebeii^>^  of  tiiih  Katu^n 
tilL    iriBrte\-er  the  Buria^^e  fonuation.  \^'h»ftiief  drill,  alluvia!  de 
poBit.  icrsveL  wlfittUner  it  luaj    be.  the  uiiiforiu  i^Airt  of  thobe 
who  dig  wdk,  the  cinuitrj  ov^>r.  teli^  of  the  blue  ciay.    The  depti 
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at  wliioh  the  stratum  occurs  varies  continually,  but  it  is  encoun- 
tered invariably  and  everywhere  if  the  drilling  proceed  to  any 
consiclorable  depth.  In  many  places  the  depth,  if  we  may  trust 
reports,  is  not  very  great.  At  Stonn  lake,  for  instance,  llie  bot- 
tom is  said  to  he  blue  clav.  South  and  west  of  the  lake  well  re- 
ports  give  twenty  to  fifty  feet  as  the  usual  horizon.  In  Brooke 
townslii]),  Fiuena  Vista  county,  the  brownish  beds  of  joint  clay 
are  everywhere  exposed  by  erosion  along  the  short,  steep- walled 
ravines.  At  Marcus  in  C'heiokee  county  the  blue  clay  is  reported 
as  at  the  surface,  but  only  four  miles  north  it  was  not  encountered 
nearer  than  eighty  feet  from  the  black  surface  soil. 

Immediately  overlying  the  blue  clay,  constituting  the  common- 
ly exposed  drift  of  all  Cherokee  county  and  the  western  edge  of 
Buona  Vista,  is  a  yellow  but  strongly  calcareous  till  whose  age 
and  origin  is  still  a  matter  of  conjecture.  The  deposit  is  perhaps 
Kansau;  it  is  certainly  older  than  the  Wisconsin,  although  at 
first  sight  closely  resembling  in  appearance  deposits  elsewhere 
so  described.  It  contiiins  many  of  the  elements  of  the  Wiscon- 
sin;  it  is  richly  calcareous  and  contains  limestone  bowlders  and 
pebbles  in  abundance.  As  ordinarily  exposed  it  shows  few  signs 
of  age,  such  as  weathering  or  decomposition.  In  some  localities, 
however,  as  along  the  south  bank  of  the  Little  Sioux,  it  seems  to 
be  overlain  by  older  material.  It  contains  greenstone  pebbles 
not  a  few,  but  carries  also  abundant  fresh-looking  granite  bowl- 
ders, of  small  size  as  a  inile,  but  of  very  varied  composition. 
These,  of  course,  are  more  plentifully  dis})layed  along  the  chan- 
nels which  have  lx>en  more  recently  eroded.  The  whole  body  of 
this  diift  is  of  somewhat  darker  color  than  is  the  typical  Wis- 
consin, and  contains  sand-bowlders  here  and  there,  and  occasion- 
ally, low  down,  alternating  beds  of  water-laid  sand.  South  of 
Peterson  the  more  coherent  bowlder  clay  caps  a  bed  of  sand  forty 
feet  or  more  in  thickness,  and  it  ai>pears  elsewhere  to  overlie 
consideral)le  beds  of  sand  and  silt  as  far  south,  at  least,  as  Chero- 
kee.* In  the  vicinity  of  Peterson  and  particularly  north- 
ward from  that  ]>oint,  up  to  the  time  of  the  drainage 
of  the  AVisconsin  ice,  the  surface  seems  to  have  under- 
gone only  tli(*  slightest  erosion.    AVe  have  here  a  portion  of  the 

*  Iowa  Geol.  Surv.,  vol.  XI,  p  487. 
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flat  prairie  watershed  left  by  the  older  drift  To  this  the  rega- 
lar  processes  of  drainage  which  have  so  beautifully  ser\^ed  the 
country  to  the  south  had  not  yet  approached.  At  least  the  topog- 
raphy in  this  neighborhood  is  of  the  most  recent  type.  Bely- 
ing uix)n  indications  suggested  by  the  topography  chiefly,  these 
deposits  were  mapped  as  Wisconsin  in  the  rejM>rt  on  Clay  and 
O'Brien  counties  of  two  years  ago.  They  may  prove  to  be  what 
has  been  described  as  earlier  Wisconsin ;  thev  mav  be  older.  The 
same  difficultv  was  encountered  in  Plvmouth  countv,  amd  for  a 
more  thorough  presentation  of  the  problem  tlie  reader  is  re- 
ferred to  the  report  on  that  county.*  The  problem  will  be  referred 
to  a  little  later  on  in  the  present  report  Not  until  tlie  whole  drift 
of  western  Iowa  from  south  to  north  is  consecutivelv  and  continu- 
ously  studied  may  we  hope  to  see  the  stratigraphy  of  this  jvart  of 
Iowa  definitely  made  out  and  accurately  entered  ujK>n  our  mai^s. 

As  to  pre-Kansan  drift,  we  are  also  here  not  without  abundant 
evidence.  Reports  of  wells  in  various  parts  of  Imth  counties 
suggest,  indicate  assuredly,  a  forest-bed  beneath  the  all-per>-ad- 
ing  blue  clay.  Not  infrequently  the  well-digger  em*ounters  un- 
der the  blue  clay  a  "black  muck"  which  gives  up  water  indeed* 
but  ** stinking''  water,  unpotable  of  man  or  beast.  The  surprise 
of  the  ordinarv'  land-owner  under  such  circumstiinces  is  hardlv 
to  be  wondered  at  In  some  localities,  as  for  instance  soutliwest 
of  Storm  lake,  a  stratum  of  such  decaying  organic  stuff  several 
feet  in  thickness  is  reported,  and  the  more  shallow^  wells  all  over 
this  section  were  rendered  useless  in  tliis  w^av.  Fortunatelv,  in 
most  cases  good  water  is  obtainable  by  going  deeper  and  casing 
out  the  waters  of  the  muck  horizon. 

In  no  case  is  a  solid  or  rocky  horizon  rei)orted.  However  shal- 
low or  deep  the  well,  the  report  of  those  who  dig  or  bore  is  always 
the  same;  clay,  gravel,  sand,  clay,  ** nigger-heads. "  All  the  drift 
below  the  muck  beds,  all  below  the  blue  clay  nmst  be  rockone*! 
pre-Kansan.  How  many  successive  drift  fonnations  this  tenn 
pre-Kansan  may  include  who  may  now  declare?  From  the  na- 
ture of  the  case  less  is  known  of  tlieir  chara(»ter  and  extent,  al- 
though they  have  been  reported  from  different  plac^^  in  wcstt»rn 

*  Iowa  Geol.  Sur?. ,  vol.  VUI,  pp.  33S-3SI* 
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Iowa  and  in  some  places  at  least  are  easily  accessible  for  investi- 
gation. 

All  that  we  know  of  tlie  pre-Kansan  in  northwestern  Iowa  in- 
dicates its  surprising  depth.  In  the  report  made  last  year  con- 
cerning O'Brien  county  reference  was  made  to  two  veiy  deep 
wells,  wholly  in  the  drift,  one  in  Omega  and  one  in  Caledonia 
township.  The  latter  is  reported  as  more  than  one  thousand  feet 
deep.  We  have  now  confinnation  for  the  depth  at  the  latter  point. 
At  Marcus,  immediatelv  to  the  south  of  the  Caledonia  well  and 
at  no  great  distance,  seven  or  eight  miles,  the  Illinois  Central 
railway  undertook  recently  the  drilling  of  a  well.  By  the  cour- 
tesy of  Mr.  W.  J.  Harnahan  we  have  the  record  of  the  boring 
made : 

"From  the  surface  to  thirty  feet  in  depth,  blue  clay. 

From  thirty  to  560  feet,  yellow  clay  mixed  with  bowlders. 

From  560  to  680  feet  in  depth,  red  clay  containiiigf  numerous  bowlders. 

At  the  latter  depth  the  well  was  abandoned.  No  solid  rock  was  encoun- 
tered, but  the  numerous  lot  of  large  bowlders  and  "nigger-heads'*  made  it 
almost    impossible    to   get   the    hole  down." 

Here  we  have  the  pre-Kansan  for  530  feet  and  below  that  easily 
identifiable,  by  color  at  least,  another  stratum  120  feet  in  thickness 
and  still  no  rock  in  place!  The  thinness  of  the  Kansan  is  surpris- 
ing. It  would  seem  as  if  all  the  oxidized  upper  portions  of  that  old 
formation  had  been  in  this  locality  swept  away,  perhaps  by  the 
erosion  of  the  Wisconsin  times.  A  little  farther  to  the  north,  how- 
ever, the  blue  clay  is  covered  by  the  usual  deposits  of  loess,  yellow 
drift,  gravel  and  sand  ver>^  much  as  in  the  southern  parts  of  Cher- 
okee countv.  Evidently  anv  coal  that  may  exist  beneath  Marcus  is 
pretty  deep  down. 

There  seems  to  be  plainly  enough  a  vast  body  of  ancient  drift 
extending  from  northwest  to  southeast  across  several  counties 
here.  This  drift  fonned  a  watershed  in  Kansan  times,  forms  a 
watershed  still,  despite  all  the  erosion  that  has  succeeded  its  de- 
posit, despite  the  fact  that  since  its  deposit  another  glacial  epoch 
has  come  and  gone. 

THE  LOESS. 

The  peculiar  fine  yellow  clay  known  as  loess  is  a  characteristic 
surface  dej^osit  over  the  larger  part  of  Cherokee  county  and  over 
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most  of  the  western  townshifis  of  Buena  ViHta  county.  In  Chero- 
kee oountv  all  the  countr\'  south  and  west  of  Mill  crw?k  is  Ir>ess- 
coverecL  North  and  east  of  this  stream,  Ir>ffSH  is  doubtless  Uf  l^e 
fonnd,  bat  everything  is  obscured  by  the  inoie  or  Ufss  abumJant 
and  extensive  deposits  of  overwash  Wis^'onsin  g^ravel.  The  tran- 
sition from  one  surface  to  the  other  is  often  abruf>t,  ThuM  if  tin? 
traveler  going  south  crosses  tlie  bridge  near  S4^'hM/lhous'f  So.  5, 
Cherokee  township,  there  is  no  loess  north  of  the  bridK'f,  '^wt  on 
the  sooth  side  of  the  creek  the  loess  ap|jea?s  abundantly  along 
the  highway  and  so  on  west  from  the  scho^^l  house  namt^l  to  CU^- 
horn.  West  from  Cleghom  there  is  no  trar^e  of  t'^e  Jatr-r  drift 
Marcus  is  in  sight  on  the  high  table-land  or  divirle  alrea/ly  men- 
tioned, bet  the  drainage  is  everj'where  gof^rj :  tliere  are  rt^p  sfwmnfm 
and  bowlders.  Immediatelv  south  of  «/'h^x/;hoa*^  Xo,  1  in  An- 
thooy  township,  and  one  mile  south  of  the  ^'ie«:hom  r^#a/L  tfiere 
may  bt  seen  a  fine  exf^jsure  of  t>'i.ical  k>e?j«.  nix  or  ef  j2f:t  f^^el  in 
thickness.  It  appears  to  rest  immf<liate{v  uf/^/n  a  ^^  ^.f  fcrzvel, 
Over  all  this  part  of  the  conntry  therf-  i*  ^iSiTfth  a  >i^^w5der  t^/  be 
found ;  not  one  in  sight  as  the  traveler  paiwies  ai^/fi^^  t?i^  fJarirwar. 
A  few  small  granite  blocks  are  said  U^  fj^:f^r,  h^t  n/>ne  attra^ 
audition  on  hill  or  in  valiev.  Tiio»«^  a^H  bv  tir>f  farrr-^r^t  for 
foa]kiati«>n  stones  are  hauled  fr^r*  th*-  vailev  of  Mi.:  e;e^k.  A  - 
are  bevocd  all  traw^  of  ti«r  inftieik!^  of  Ujfr  ^\^ifi^^:,z.  ir'ft  in  tfeM 
dipeeei<i>n.  At  and  aroond  Mamn*  itjr:  ^-ifj^ji:  Ia  *^/>rrvhffrf: 
loesE.  thrjQgh  often  rather  tiiin.  bfxt  thi^kenliiz  v>  ti>r  riivr^^  W^Ah 
oftcfi  dc^  w>C  res^  thie  bine  eiay  bat  *how  a}>andar-t  -ap^ater  at  f  ro«; 
ten  to  thirtv  feeC  XortL  of  Manm^  a  ^l'»t*>ni  In  :.r>'^^»5»  of  ^>«s^ 
vatioa  «iir>wed  loe?*^  *ix  feeC  *ai:#i.  frve:  tjT/  jrraT*rt.  Tr^  ^::ri*ah 
rmUir  atti  tbi*'  owoer  aere^  that  twettj  f^?;frt  O'f  :«u>i  ^,f*fi^  lajr 
abcyre  tih*-  bine  eia^.  TLL^  will  «i*fjaEt  for  tne  *af*i*?«  of  *.i*s:  ^hal- 
lopw  witflfii  afcciVif*-  rrferntd  tr^,  Trier*r  ar*-  f!v>ieni»«^  o/  X'^im  in 
O^Bwtk  er^flmrr  a»  far  n^.rtii  a^  Paa'lr.a.  r,?;t  Ir.  *>'r>r«*^-  '»f«ato^ 
f&rmatiocL  ^jerroLTst  in  tittu^iuy*:  it  ni.wht=rr»*r  forr/>  *  niarr  i*r  .*rifv 
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THE  WISCONSIN   GRAVELS. 

These  deix)sits  as  usual  occupy  the  valleys,  especially  the  val- 
leys of  all  streams  leading  away  from  the  margin  of  the  Wiscon- 
sin drift.  They  are  not  conspicuous  in  Buena  Vista  county,  but 
in  Cherokee  county,  along  the  Little  Sioux  and  in  the  valley  of 
Mill  creek  they  are  everywhere  in  evidence.  Indeed,  nearly  all 
the  northeastern  part  of  Cherokee  county  is  heavily  charged  with 
gravel  deposits.  Mill  creek,  from  a  point  nearly  north  of  Mori- 
den  to  its  union  with  the  Little  Sioux,  presents  the  appearance 
of  having  been  at  one  time  nearly  if  not  altogether  choked  with 
gravel.  This  stream  in  this  respect  is  in  singular  contrast  with 
the  streams  on  the  western  side  of  Cherokee  county.  All  the  tribu- 
taries of  Mill  creek,  and  these  are  generally  from  the  north,  ap- 
pear like  Alpine  channels ;  they  are  literally  paved  with  bowlders 
In  section  4  of  Cherokee  township  on  the  level  of  the  flood- 
plain  of  the  creek  there  is  a  curious  gravel  mound,  probably  a 
residuum  of  post-glacial  erosion.  Brooke's  creek  shows  some  evi- 
dence of  this  same  overwash  gravel  but  nothing  like  as  much  as 
might  have  been  expected.  There  seems  never  to  have  been  very 
much  current  northward  in  that  part  of  the  stream  now  named 
Brooke's  creek.  At  the  same  time,  the  channels  leading  into 
Brooke's  creek  and  Fox  creek  are  paved  with  bowlders  much  as 
in  the  vicinage  of  Mill  creek.  Most  of  these,  however,  seem  to 
have  come  from  the  eroded  drift  of  the  locality. 

There  is  a  very  heavy  deposit  of  drift  at  Sioux  Rapids,  high 
above  the  coui*se  of  the  present  stream ;  but  more  remarkable  still, 
there  is  a  moderately  large,  well  defined  gravel  mound,  not  strati- 
fied, so  far  as  could  be  asceiiained,  just  north  of  Larrabee,  its 
materials  used  now  constantly  for  the  improvement  of  the  streets 
of  thai  village.  The  Sioux  Rapids  gravel  may  be  esteemed  part 
of  the  overwash  of  the  great  Wisconsin  ice  margin  which  lay  in 
the  upper  part  of  the  town;  but  the  Larrabee  mound  may  mean 
something  more.  It  is  not  isolated,  but  fonns  part  of  a  contin- 
uous series  of  such  deix>sits  extending  from  Sibley  south  and 
east,  including  the  gravel  pit  at  Sheldon  and  similar  deposits 
about  (Calumet.  All  tliese  taken  together  and  studied  in  connec- 
tion with  the  peculiar  topography  of  eastern  O'Brien  county  may 
indicate  that  tlie  Wisconsin  ice  did  after  all,  transiently  at  least, 
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go  over  the  great  divide  in  this  particular  region.  However* 
these  gravel  deposits  form  only  one  of  the  many  indications  that 
all  this  part  of  the  country  has  been  profoundly  modified  by  the 
Wisconsin  drift  sheet,  even  if  it  be  finally  concluded  that  the  ice 
itself  never  passed  over  it  This  phase  of  the  subject  will  be  con- 
sidered later  on.  It  remains  only  here  to  siiy  that  these  extra- 
limital  gravels,  if  so  they  may  now  be  teniied,  possess  some  ix>- 
culiarities  not  commonly  noted  in  connection  with  moulds  that 
are  plainly  intra-morainic  The  Sheldon  gravel,  for  instance,  is 
plainly  covered  by  a  deposit  that  may  be  fairly  denominatOvl 
loess,  whatever  its  source.  The  gravel  contains  a  goodly  number 
of  rotten  bowlders  and,  as  heretofore  described,  the  lower  layers 
have  become  silicified,  or  lather  solidified,  by  j>enH)latious  fn>m 
above.  Similar  i^eculiarities  are  noticeable  in  all  the  Kvalities 
specified.  Even  south  of  Larrabee,  in  section  I  of  i'hen>ket* 
township,  identically  tlie  same  solidified  layer  may  be  found  near 
the  bottom  of  a  deposit  of  gravel,  showing  identity  of  (M>miH>sition 
and  liistor}'.  It  is  possible,  as  above  suggested,  tliat  all  this  !s 
but  an  overwash  dating  from  the  ultimate  retirement  of  the  Wis- 
consin ice,  but  the  situation  suggests  the  need  of  more  exhaustive 
inquiry. 

However  all  this  may  be,  there  are  to  be  found,  stretching  en- 
tirely across  Buena  Vista  county  from  north  to  south,  and  almost 
across  it  from  east  to  west,  mounds  of  gravel  of  no  uncertain 
meaning.  These  mark  well  for  us  the  westward  limits  of  the  lat- 
est drift  They  are  morainic;  they  fonn  here  the  Altaniont  or 
marginal  deposit  of  tlie  Wisconsin  ice.  Many  of  tJiese  mounds 
or  hillocks  are  merely  capped  witli  gravel,  some  show  at  the  sur- 
face little  or  none;  most  are  gravel  and  sand  throughout.  In 
this  county  they  are  generally  low,  often  hardly  noticeable  to  thc^ 
untrained  eye  and  are  in  general,  save  for  their  geologic  interest, 
wholly  insignificant 

THE  WISCONSIN  CLAYS. 

Typical  Wisconsin  drift  is  exposed  only  here  and  tliero  in  cen- 
tral ard  eastern  Buena  Vista  county.  For  the  most  part  tlio  sur- 
face is  so  very  level  tliat  erosional  or  other  cuttings  are  few. 
Along  the  banks  of  the  Little  Sioux  river,  as  near  Sioux  Rapids, 
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are  beautiful  drift  exposures  afiordcd  by  railway  cuts  and  recent 
erosion;  but  as  has  been  already  indicated  this  body  of  drift  is 
certainly  older  than  the  ordinary  Wisconsin  till,  older  than  the 
drift  contained  within  the  Altaraont  moraine.  Nevertheless, 
there  is  no  doubt  but  that  a  thin  sheet  of  typical  Wisconsin  clay- 
drift  underlies  as  subsoil  nearly  all  of  the  eastern  half  of  Buena 
Vista  county.  Opportunities  for  observation  are  not  many,  ow- 
ing to  the  level  topography,  wells  being  almost  the  only  recourse. 
Cuts  made  in  draining  or  shaping  the  highways  often  show  noth- 
ing but  a  deep  black  soil,  or,  where  a  mound  or  morainic  ridge 
must  needs  be  cleft,  the  exposure  shows  little  but  gravel.  Con- 
tact between  the  older  and  later  drift,  except  where  the  latter  was 
represented  by  sand  or  gravel,  was  nowhere  observed. 

ALLUVIAL  DEPOSITS. 

Alluvial  deposits  in  Buena  Vista  county  are  limited  almost  en- 
tirely to  the  immediate  borders  of  the  Little  Sioux.  At  Sioux 
Rapids  and  thence  west  to  and  including  the  mouth  of  Brooke's 
creek,  there  are  found  splendid  alluvial  bottom  lands  with  deep 
warm  soil,  the  most  fertile  in  the  county.  The  valleys  of  the  sev- 
eral divisions  of  Maple  river  show  similar  beautiful  alluviaf 
meadows,  sometimes  a  mile  and  more  in  width.  Similar  soils, 
though  nothing  like  so  deep,  cover  more  or  less  completely  the 
widespread  gravel  trains  that  stretch  southward  and  westward 
from  Cherokee,  along  the  banks  of  the  Little  Sioux.  Such  soil 
conditions  are  to  be  esi^ecially  noted  in  the  vicinity  of  Quimby. 
The  Little  Sioux  alluvium  is,  however,  a  very  different  thing 
from  that  of  the  Maple  system  of  streams.  The  latter  is  the  re- 
sult of  slow  erosion  with  gradual  accumulation  from  the  rich 
surface  of  the  surrounding  slopes.  In  consequence  the  erosion 
of  tlie  present  stream  exposes  a  black  soil,  many  feet  in  thickness, 
witli  only  here  and  there  a  trace  of  sand  and  gravel.  Along  the 
Sioux  on  the  contrary,  on  account  of  the  entirely  different  historj' 
already  sketched,  the  present  erosion  makes  havoc  of  the  com- 
paratively thin  veneer  of  rich  soil  and  exposes  the  subsoil  of  the 
gravel  train  or  sweeps  it  down  to  hamjier  the  meadows  and  lower- 
lying  fields. 
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In  all  the  study  of  these  northwestern  counties  of  Iowa  one 
object  of  the  Survey,  kept  continually  in  mind,  has  been  the 
determination  in  this  direction  of  the  western  limits  of  what  has 
all  along  been  desigimted  as  the  Wisconsin  drift.  The  fact  of 
the  identity  of  this  deposit  witliin  its  own  limits,  is  almost  every- 
where easily  discoverable ;  but  when  we  come  to  define  the  deposit 
at  its  margin  and  in  respect  to  other  and  older  formations,  not 
as  it  might  appear  in  some  clean  vertical  section,  but  as  it  comes 
to  view  spread  out  upon  the  surface  of  the  ground,  we  are  con- 
fronted by  difficulties  not  a  few. 

In  the  first  place,  the  drift  itself  near  its  margin  is  not  always 
typical  in  constitution  or  character.  The  till  which  it  overlies 
may  i)erchance  contain  many  of  tlie  same  elements,  derived  by  an 
earlier  ice-flood  from  identical  sources,  and  so,  except  as  modi- 
fied by  time,  present  much  the  same  appearance.  Now  the  time 
modiiications,  weathering,  oxidation,  etc.,  are  always  in  the  older 
drift  shown  at  their  best,  of  course,  nearest  to  the  surface.  But 
by  the  very  conditions  of  the  problem  the  surface  is  just  that 
part  of  the  older  drift  most  likely  to  be  altered  or  even  entirely 
removed,  especially  at  a  glacial  margin  at  the  time  of  ro<2ession, 
when  everything  is  more  or  less  completely  swept  by  marginal 
drainage  floods.  A  clean  section  of  undisturbed,  indisputable 
superposition  is  at  the  very  margin  of  an  overlying  sheet  scarce- 
ly to  be  expected.  We  should  the  ratlier  be  prepared,  as  far  as 
the  constitution  of  exposed  material  is  concerned,  to  find  a  com- 
mingling of  elements  old  and  new,  or  the  de])osit  of  the  latter 
drift  upon  beds  also  fresh  in  appearance,  because  in  large  meas- 
ure deprived,  by  the  very  on-coming  of  the  later  drift,  of  those 
supei-ficial  characteristics,  time-developed  and  distinctive.  Of 
course,  in  numberless  instances  the  old  surface  is  yet  perfectly 
identifiable,  but  such  instances  are  to  be  looked  for  well  within 
the  margin  of  the  later  sheet. 

Furthermore,  the  marginal  material,  well  washed  by  the  waters 
of  the  melting  ice,  is  apt  to  consist  largely  of  sand  and  gravel, 
spread  sometimes  far  beyond  the  limit  of  actual  ice  action  and 
as  such  often  hardly  distinguisliable  from  other  gravel  deposits 
having  a  different  origin  and  a  different  history. 
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As  far  as  composition  is  concerned,  we  are   required   in   the 

present  problem  to  distinguish  between  the  Wisconsin  and  an 

older  body  of  drift  or  till.    The  Wisconsin   and   Kansan   have 

already  been  contrasted  in  an   earlier   volume   of   the   present 
series.*    At  the  drift  margin,  as  suggested,  all  these  distinctions 

are  ai)t  to  be  very  much  obscured. 

In  the  second  i)lace  in  our  effort  to  delimit  a  glacial  sheet  such 
as  the  Wisconsin  we  must  always  be  guided  to  a  very  consider- 
able extent  by  purely  surface  indiciitions,  'by  the  character  of  the 
surface  soil,  the  presence  or  absence  of  surface  bowlders,  and 
above  all  by  the  configuration  of  the  surface  as  expressed  in  gen- 
eral topography.  In  Iowa,  almost  without  exception,  the  older 
drift  sheets  are  covered  by  a  mantle  of  well  defined  loess;  the 
Wisconsin  is  so  far  supposed  to  be  without  loess.* 
It  is  generally  conceded  that  where  otlier  indications  are  lacking 
the  presence  of  a  deposit  of  loess  may  be  taken  as  a  mark  of  the 
older  drift.  Unfortunately  the  test  is  not  infallible.  Near  the 
borders  of  the  Wisconsin  the  loess  seems  to  have  been  sometimes 
entirely  swept  away  or  at  least  so  confused  with  outward  mate- 
rial as  to  render  its  identification  less  ix)sitive.  Thus  the  loess 
is  plainly  in  evidence  in  Buena  Vista  county,  close  up  to  the  bor- 
ders of  the  later  drift,  but  in  the  ultra-morainic  portions  of  Clay 
and  C)'Brien  counties,  far  out  from  the  definitelv  marked  drift 
margin,  no  loess  was  discovered. 

Again  the  surface  of  the  older  drift  is  practically  destitute  of 
bowlders ;  not  that  there  are  not  plenty  of  Kansan  bowlders,  but 
that  ihese  are  not  commonlv  found  at  or  on  the  surface.  In 
borini?  wells  they  are  encountered  all  too  often,  and  are  brought 
to  light  everywhere  along  the  water  courses  by  the  ordinary 
processes  of  present  erosion.  The  famous  Pilot  Rock  in  Chero- 
kee county  is  a  magnificent  Sioux  quartzite  bowlder,  (P^ig.  57.) 
exposed  by  the  erosion  that  has  gone  on  before  it  and  around  it 
especially  since  the  days  of  the  Wisconsin  drift  and  ]>robably 
long  before.  All  the  valleys  leading  into  the  Little  Sioux  near 
its  exit  from  Buena  Vista  countv  are  crowded  with  bowlders, 
probably  most  of  them  released  by  recent  rapid  erosion,  although 

•  lown  Gcol    Surv  ,  vol.  VI,  p.  439. 

+  Icwa  Gecl    Snrr. ,  vol.  VI,  pp.  347,  435;  vol.  VIII,  p.  444. 
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some  of  them  may  be  of  AViBounsia  origio  and  owe  their  present 
]x>sitJoD  to  blocks  of  drifting  Wisoonsin  it*. 

Bat  the  most  patent  distint-tion  between  earlier  and  later  gla- 
cial dei>OEitB  is  found  in  the  toftograjthy  of  the  de}KMiJt>>  tlieiii- 
selves.  Thie  has  often  been  ix>iDted  out  and  is  referred  t/>  here 
only  because  neeessarj'  to  the  elueidation  of  some  [KH-uliar  fea- 
tures in  the  present  probleuj-  For  instance,  in  attempting  to 
delimit  an>-where  the  Wist-onsin  lobe  by  the  to]»ojrrapliy  we  iiiay 
geneyally  insider  that  we  have  passed  the  Ixjrder  wlieii  we 
leave  evidence  "f  reoent  erosion  and  t-^wue  out  uiton  t)i;it  whielt 
is  plainly  ancient  and  exhibits  the  results  of  long  sub,i-"ti"u  to 
the  ordinar>-  destruetive  inflaem-es  ot  the  wealljer.  IrNiierfed 
draiii»ire  and  erosion  resulting  in  shoil  l^<'v\•  ravim-s  i!idii-ate. 
in  s*t  far.  newness  and  generally  in  north  western  l^wa  are 
marks  of  the  M'iswnsin  drift 

Again  the  t-essatJon  of  the  ice  advaow  in  the  jjath  of  any  gla- 
«er  is  marked  by  the  deiKwition  which  always  takes  plac-  in  tbt- 
most  definite  and  characteristic,  though  often  irn*gular  fashion. 
Piles  of  sand  and  gravel  wx-mt  as  mounds  and  InllwkK.  anywhere 
and  everj'where.     These  as  we  know  are  called  uioi-aiiiic  !ji!ls; 
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taken  altogether  they  constitute  the  moraine,  and,  when  laid  down 
in  the  field  of  ultimate  ice-extension  or  occupancy,  they  form  the 
Altamont  moraine.  Other  things  being  equal,  the  outer  limits  of 
the  glacial  deposit  are  marked  by  the  course  of  the  Altamont  mo- 
raine. 

Now  all  these  characteristics  by  which  the  boundaries  of  an 
ice  sheet  may  usually  be  discerned  are  subject  in  the  very  nature 
of  the  case  to  modifications  affecting  every  one  of  the  details 
indicated.  Some  of  these  possibilities  have  been  touched  upon 
already  in  the  pages  immediately  preceding.  For  instance, 
in  the  matter  of  surface  deposits;  if  the  landscape  reached  by 
the  invading  ice,  should,  notwithstanding  age,  have  remained 
after  all  flat  or  poorly  drained,  it  may  be  covered  on  the  glacial 
retreat  by  all  sorts  of  new  material  in  the  form  of  overwash,  or 
it  may  remain  level  and  be  cut  in  every  direction  by  new  drain- 
age channels  and  so  simulate  in  all  respects  a  typical  youthful 
topography. 

Again  the  effect  of  the  presence  of  the  glacier  on  streams  and 
valleys  accurrent  is  most  i)ronounced.  The  tendency  may  be 
easily  imagined ;  all  streams  and  valleys  accurrent  will  be  more 
or  less  completely  dannned  u]),  their  channels  partly  filled  or 
converted  into  marshes,  lakes  and  swamps :  so  that  such  a  valley 
ceases  entirely  to  fonii  part  of  the  drainage  system  of  the 
country,  or  even  cuts  a  new  channel  parallel  to  the  glacier's 
front,  and  finally  persists  as  a  new  stream,  losing  for  tlie  student 
almost  all  diagnostic  value,  though  demanding  explanation. 

()n  abcurrent  channels  the  effect  is  of  course  quite  the  reverse. 
Such  coijjcluits  will  be  called  upon  suddenly  to  cany  far  more  than 
the  usual  (luota  of  waters.  They  will  become  widely  and  deeply 
eroded ;  new  channels,  even  here  also,  may  be  cut  through  where 
there  were  none  before  and  all  old  drift  material  and  alluvium  be 
re-sorted  and  mingled  with  the  new:  as  the  current  slackens  in 
volume  and  speed  the  wide  new- washed  channel  may  be  in  part 
filled  u}),  only  again  to  suffer  erosion  with  the  subsequent  action 
of  th(i  ])ersistent  stream  whether  large  or  small,  and,  as  before, 
all  the  most  vivid  i)eculiarities  of  recent  erosion  may  be  found 
associated  with  drift  far  older  than  the  topography  would  at 
first  imply. 
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It  has  not  been  found  practicable  to  show  on  the  map  the 
width  of  the  conformation  since  the  range  of  mounds  and  kames 
in  this  region  is  nowhere  simple;  rather  is  the  Altamont  here 
bound  back  to  very  numerous  secondary  or  recessional  moraines 
marking  various  and  repeated  oscillations  incident  upon  the 
close  of  the  period.  However  the  moraine  is  sometimes  very 
narrow  indeed,  not  more  than  a  mile  or  two  in  widtli ;  then  again 
it  may  effect  more  or  less  completely  a  township,  a  county,  or 
more.  The  map  then  indicates  the  outer  or  distal  limits  only; 
for  further  details  the  reader  is  referred  to  the  particular  maps 
of  tlie  several  counties  forming  part  in  the  general  problem. 

Leaving  Carroll  county  at  a  point  nearly  south  of  Carnarvon, 
the  Altamont  may  be  traced  through  Carnarvon  to  Lake  View. 
Wall  lake  lies  in  the  very  margin  of  the  morainic  wall,  but  tenni- 
nates  southwesterly  in  wide  deposits  of  gravel,  which  have  to  a 
large  extent  filled  up  an  ancient  river  channel,  apparently  a 
part  of  that  which  is  now  the  Boyer,  probably  the  principal 
stream  of  an  ancient  Boyer  system.  The  entire  upi>er  portion 
of  this  stream  with  all  its  eastern  tributaries  was  obliterated  by 
the  AVisconsin  ice.  During  the  life  of  the  glacial  sheet  a  new 
Boyer  was  formed,  namely,  the  present  stream,  above  the  point 
near  where  the  Northwestern  railway  crosses  the  river  west  of 
the  town  of  AVall  Lake.  It  will  be  noticed  tliat  the  present  river 
here  debouches  into  the  old  valley.  The  present  river  was  in 
large  part,  at  least,  tlio  marginal  drainage  channel,  while  that 
part  of  the  original  Boyer  channel  which  lies  between  the  present 
Wall  lake  and  the  i)oint  of  deboucliment  si)ecified  was  practi- 
cally abandoned,  if  not  wholly  so.  With  the  a})proach  of  the  ice 
from  the  north  the  old  river  seems  to  have  continued  for  some 
time  eflBcient;  its  old  eliannel  in  the  abandoned  i>ortion  being 
filled  with  gravel  as  of  a  gradually  failing  stream,  like  the  Platte, 
for  instance;  but  at  the  final  retreat  no  permanent  stream  re- 
mained, however  small,  to  open  up  a  new  channel  and  so  occupy 
in  this  particular  place  the  old  river  bed.  Wall  lake  lay  as  a  ix)ol 
in  the  part  nearest  the  moraine,  just  in  the  moraine,  in  fact^  pre- 
vented  by  the  acx^umulated  gravel,  and  by  nothing  more  sub- 
stantial, from  contributing  esven  so  much  as  its  overfow  to  the 
current  of  the  Boyer  river;  while  Indian  creek  and  Coon  river, 
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It  has  not  been  found  practicable  to  show  on  the  map  the 
width  of  the  confonnation  since  the  range  of  mounds  and  kames 
in  this  region  is  nowhere  simple ;  rather  is  the  Altamont  here 
bound  back  to  very  numerous  secondary  or  recessional  moraines 
marking  various  and  reyjeated  oscillations  incident  upon  the 
close  of  the  period.  However  tlie  moraine  is  sometimes  very 
nan*ow  indeed,  not  more  than  a  mile  or  two  in  width ;  then  again 
it  may  effect  more  or  less  completely  a  township,  a  county,  or 
more.  The  map  then  indicates  the  outer  or  distal  limits  only; 
for  further  details  the  reader  is  referred  to  the  particular  maps 
of  the  several  counties  forming  part  in  the  general  problem. 

Leaving  Carroll  county  at  a  point  nearly  south  of  Carnarvon, 
the  Altamont  may  be  traced  through  Carnarvon  to  Lake  View. 
Wall  lake  lies  in  the  very  margin  of  the  morainic  wall,  but  tenni- 
nates  southwesterly  in  wide  deposits  of  gravel,  which  have  to  a 
large  extent  filled  up  an  ancient  river  channel,  apparently  a 
part  of  tliat  which  is  now  the  Boyer,  probably  the  principal 
stream  of  an  ancient  Boyer  system.  The  entire  upper  portion 
of  this  stream  with  all  its  eastern  tributaries  was  obliterated  by 
the  Wisconsin  ice.  During  the  life  of  the  glacial  sheet  a  new 
Boyer  was  formed,  namely,  the  present  stream,  above  the  i>oint 
near  where  the  Nortli western  railway  crosses  the  river  west  of 
the  town  of  AVall  Lake.  It  will  be  noticed  that  the  present  river 
here  debouches  into  the  old  valley.  The  present  river  was  in 
large  part,  at  least,  tlio  marginal  drainage  channel,  while  that 
part  of  the  original  Boyer  channel  which  lies  between  the  present 
Wall  lake  and  the  point  of  debouchment  si)ecified  was  practi- 
cally abandoned,  if  not  wholly  so.  AVitli  the  approach  of  the  ice 
from  the  north  the  old  river  seems  to  have  continued  for  some 
time  eflBcient;  its  old  channel  in  the  abandoned  portion  being 
filled  with  gravel  as  of  a  gradually  failing  stream,  like  the  Platte, 
for  instance;  but  at  the  final  retreat  no  pennanent  stream  re- 
mained, however  small,  to  open  up  a  new  channel  and  so  occupy 
in  this  particular  place  the  old  river  bed.  Wall  lake  lay  as  a  ix>ol 
in  the  part  nearest  the  moraine,  just  in  the  moraine,  in  fact,  pre- 
vented by  the  accumulated  gravel,  and  by  nothing  more  sub- 
stiintial,  from  contributing  even  so  much  as  its  overflow  to  the 
current  of  the  Boyer  river;  while  Indian  creek  and  Coon  river, 


»^a^M^W*a 


■\ 


'-         .    * 


.  .^  i  ^- 


r#.M.f 


"4^ 


BY 


T.H.MACBRIDE 
190  2. 


■<■■•■-»■ 


ScAle     125^Ao 


inUM 


320         GEOLOGY   OF   CHEROKEE    AND   BUENA   VISTA   COUNTIES. 

Iowa  and  in  some  places  at  least  are  easily  accessible  for  investi- 
gation. 

All  that  we  know  of  tlie  pre-Kansan  in  northwestern  Iowa  in- 
dicates its  surprising  depth.  In  the  report  made  last  year  con- 
cerning O'Brien  county  reference  was  made  to  two  very  deep 
wells,  wholly  in  the  drift,  one  in  Omega  and  one  in  Caledonia 
township.  The  latter  is  reported  as  more  than  one  thousand  feet 
deep.  We  have  now  confinnation  for  the  depth  at  the  latter  point. 
At  Marcus,  immediately  to  the  south  of  the  Caledonia  well  and 
at  no  great  distance,  seven  or  eight  miles,  the  Illinois  Central 
railway  undertook  recently  the  drilling  of  a  well.  By  the  cour- 
tesy of  Mr.  W.  J.  Harnahan  we  have  the  record  of  the  boring 
made: 

"From  the  surface  to  thirty  feet  in  depth,  blue  clay. 

From  thirty  to  5G0  feet,  yellow  clay  mixed  with  bowlders. 

From  5C0  to  680  feet  in  depth,  red  clay  containing?  numerous  bowlders. 

At  the  latter  depth  the  well  was  abandoned.  No  solid  rock  was  encoun- 
tered, but  the  numerous  lot  of  large  bowlders  and  "nigger-heads"  made  it 
almost    impossible    to   get   the   hole  down." 

Here  we  have  the  pre-Kansan  for  530  feet  and  below  that  easily 
identifiable,  by  color  at  least,  another  stratum  12l)  feet  in  thickness 
and  still  no  rock  in  place!  The  thinness  of  the  Kansan  is  surpris- 
ing. It  would  seem  as  if  all  the  oxidized  upper  portions  of  that  old 
formation  had  been  in  this  locality  swept  away,  perhaps  by  the 
erosion  of  the  Wisconsin  times.  A  little  farther  to  the  north,  how- 
ever, the  blue  clay  is  covered  by  the  usual  deposits  of  loess,  yellow 
drift,  gravel  and  sand  ver>^  much  as  in  the  southern  parts  of  Cher- 
okee county.  Evidently  any  coal  that  may  exist  beneath  Marcus  is 
pretty  deep  down. 

There  seems  to  be  plainly  enough  a  vast  body  of  ancient  drift 
extending  from  northwest  to  southeast  across  several  counties 
here.  This  drift  fonned  a  watershed  in  Kansan  times,  forms  a 
watershed  still,  despite  all  the  erosion  that  has  succeeded  its  de- 
posit, despite  the  fact  tliat  since  its  dei>osit  another  glacial  epoch 
has  come  and  gone. 

THE  LOESS. 

The  ):)eculiar  fine  yellow  clay  known  as  loess  is  a  characteristic 
surface  deposit  over  the  larger  part  of  Cherokee  county  and  over 
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most  of  the  western  townships  of  Buena  Vista  county.  In  Chero- 
kee county  all  the  country  south  and  west  of  Mill  creek  is  loess- 
covered.  Nortli  and  east  of  this  stream,  loess  is  doubtless  to  be 
found,  but  everything  is  obscured  by  the  more  or  less  abundant 
and  extensive  deposits  of  overwash  Wisconsin  gravel.  The  tran- 
sition from  one  surface  to  the  other  is  often  abrupt.  Thus  if  the 
traveler  going  south  crosses  the  bridge  near  schoolhouse  No.  5, 
Cherokee  township,  there  is  no  loess  north  of  the  bridge,  but  on 
the  south  side  of  the  creek  the  loess  appears  abundantly  along 
the  highway  and  so  on  west  from  tlie  schoolhouse  named  to  Cleg- 
horn.  West  from  Cleghom  there  is  no  trace  of  the  later  drift. 
Marcus  is  in  sight  on  the  high  table-land  or  divide  already  men- 
tioned, but  the  drainage  is  everywhere  good ;  there  are  no  swamps 
and  bowlders.  Immediately  south  of  schoolhouse  No.  1  in  An- 
thony township,  and  one  mile  south  of  the  Cleghorn  road,  there 
may  be  seen  a  fine  exposure  of  typical  loess,  six  or  eight  feet  in 
thickness.  It  appears  to  rest  immediately  upon  a  bed  of  gravel. 
Over  all  this  part  of  the  country  there  is  scarce  a  bowlder  to  be 
found;  not  one  in  sight  as  the  traveler  passes  along  the  highway. 
A  few  small  granite  blocks  are  said  to  occur,  but  none  attract, 
attention  on  hill  or  in  valley.  Those  used  by  the  farmers  for 
foundation  stones  are  hauled  from  the  valley  of  Mill  creek.  Wo 
are  beyond  all  trace  of  the  influence  of  the  Wisconsin  drift  in  this 
direction.  At  and  around  Marcus  the  subsoil  is  eveiy where 
loess,  though  often  rather  thin,  but  thickening  to  the  north.  Wells 
often  do  not  reach  the  blue  clay  but  show  abundant  water  at  from 
ten  to  thirty  feet.  North  of  Marcus  a  cistern  in  process  of  exca- 
vation showed  loess  six  feet,  sand,  five;  no  gravel.  The  exca- 
vator and  the  owner  agreed  tliat  twenty  feet  of  sand  often  laV 
above  the  blue  clay.  This  will  account  for  the  success  of  the  shal- 
low wells  above  referred  to.  There  are  evidences  of  loess  in 
O'Brien  county  as  far  north  as  Paulina,  but  in  O'Brien  county 
the  formation  occurs  in  patches ;  it  nowhere  fonns  a  mantle  cov- 
ering the  whole  country  as  in  southern  and  western  Cherokee 
countv. 
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THE  WISCONSIN   GRAVELS. 

These  deposits  as  usual  occupy  the  valleys,  especially  the  val- 
leys of  all  streams  leading  away  from  the  margin  of  the  Wiscon- 
sin drift  They  are  not  conspicuous  in  Buena  Vista  county,  but 
in  Cherokee  county,  along  the  Little  Sioux  and  in  the  valley  of 
Mill  creek  tliey  are  everywhere  in  evidence.  Indeed,  nearly  all 
the  northeastern  part  of  Cherokee  county  is  heavily  charged  with 
gravel  deposits.  Mill  creek,  from  a  point  nearly  north  of  Meri- 
den  to  its  union  with  the  Little  Sioux,  presents  the  appearance 
of  having  been  at  »ne  time  nearly  if  not  altogether  choked  with 
gravel.  This  stream  in  tliis  respect  is  in  singular  contrast  with 
the  streams  on  the  western  side  of  Cherokee  county.  All  the  tribu- 
taries of  Mill  creek,  and  these  are  generally  from  the  north,  ap- 
pear like  Alpine  channels ;  they  are  literally  paved  with  bowlders 
In  section  4  of  Cherokee  township  on  the  level  of  the  flood- 
plain  of  the  creek  there  is  a  curious  gravel  mound,  probably  a 
residuum  of  post-glacial  erosion.  Brooke's  creek  shows  some  evi- 
dence of  tliis  same  overwash  gravel  but  nothing  like  as  much  as 
might  have  been  expected.  There  seems  never  to  have  been  very 
much  current  northward  in  that  part  of  the  stream  now  named 
Brooke's  creek.  At  the  same  time,  the  channels  leading  into 
Bi'ooke's  creek  and  Fox  creek  are  paved  with  bowlders  much  as 
%  in  the  vicinage  of  Mill  creek.  Most  of  these,  however,  seem  to 
have  come  from  the  eroded  drift  of  the  locality. 

There  is  a  very  heavy  deposit  of  drift  at  Sioux  Rapids,  high 
above  the  course  of  the  present  stream ;  but  more  remarkable  still, 
there  is  a  moderately  large,  well  defined  gravel  mound,  not  strati- 
fied, so  far  as  could  be  ascertained,  just  north  of  Larrabee,  its 
materials  used  now  constantly  for  the  improvement  of  the  streets 
of  thai  vilhige.  The  Sioux  Rapids  gravel  may  be  esteemed  part 
of  the  overwash  of  the  great  Wisconsin  ice  margin  which  lay  in 
the  upper  part  of  the  town;  but  the  Larrabee  mound  may  mean 
something  more.  It  is  not  isolated,  but  fonns  part  of  a  contin- 
uous series  of  such  dejwsits  extending  from  Sibley  south  and 
east,  including  the  gravel  pit  at  Sheldon  and  similar  deposits 
about  Calumet.  All  these  taken  together  and  studied  in  connec- 
tion with  the  peculiar  topography  of  eastern  O'Brien  county  may 
indicate  that  tlie  Wisconsin  ice  did  after  all,  transiently  at  least, 
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go  over  the  great  divide  in  this  particular  region.  However, 
these  gravel  deposits  form  only  one  of  the  many  indications  that 
all  this  part  of  the  country  has  been  profoundly  modified  by  the 
Wisconsin  drift  sheet,  even  if  it  be  finally  concluded  that  the  ice 
itself  never  passed  over  it  This  pliase  of  the  subject  will  be  con- 
sidered later  on.  It  remains  only  here  to  say  that  these  extra- 
limital  gravels,  if  so  they  may  now  be  termed,  possess  some  pe- 
culiarities not  commonly  noted  in  connection  with  mounds  that 
are  plainly  intra-morainic.  The  Sheldon  gravel,  for  instance,  is 
plainly  covered  by  a  deposit  that  may  be  fairly  denominated 
loess,  whatever  its  source.  The  giuvel  contains  a  goodly  number 
of  rotten  bowlders  and,  as  heretofore  described,  the  lower  layers 
have  become  silicified,  or  rather  solidified,  by  percolations  from 
above.  Similar  peculiarities  are  noticeable  in  all  the  localities 
specified.  Even  south  of  Larrabee,  in  section  1  of  Cherokee 
township,  identically  the  same  solidified  layer  may  be  found  near 
the  bottom  of  a  deposit  of  gravel,  showing  identity  of  composition 
and  history.  It  is  ix)ssible,  as  above  suggested,  tliat  all  this  Is 
but  an  overwash  dating  from  the  ultimate  retirement  of  the  Wis- 
consin ice,  but  tlie  situation  suggests  the  need  of  more  exhaustive 
inquiry. 

However  all  this  may  be,  there  are  to  be  found,  stretching  en- 
tirely across  Buena  Vista  county  from  north  to  south,  and  ahnost 
across  it  from  east  to  west,  mounds  of  gravel  of  no  uncertain 
meaning.  These  mark  well  for  us  the  westward  limits  of  the  lat- 
est drift  They  are  morainic;  they  fonn  here  the  Altamont  or 
marginal  deix)sit  of  tlie  Wisconsin  ice.  Many  of  these  mounds 
or  hillocks  are  merely  capped  with  gravel,  some  show  at  the  sur- 
face little  or  none;  most  are  gravel  and  sand  throughout.  In 
this  county  they  are  generally  low,  often  hardly  noticeable  to  the 
untrained  eye  and  are  in  general,  save  for  their  geologic  interest, 
wholly  insignificant 

THE  WISCONSIN  CLAYS. 

Typical  Wisconsin  drift  is  exposed  only  here  and  there  in  cen- 
tral aiid  eastern  Buena  Vista  county.  For  the  most  part  the  sur- 
face is  so  very  level  that  erosional  or  other  cuttings  are  few. 
Along  the  banks  of  the  Little  Sioux  river,  as  near  Sioux  Rapids, 
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are  beautiful  drift  exposures  afiordcd  by  railway  cuts  and  recent 
erosion ;  but  as  has  been  already  indicated  this  body  of  drift  is 
certainly  older  than  the  ordinary  Wisconsin  till,  older  than  the 
drift  contained  within  the  Altamont  moraine.  Nevertheless, 
tliere  is  no  doubt  but  that  a  thin  sheet  of  typical  Wisconsin  clay- 
drift  underlies  as  subsoil  nearly  all  of  the  eastern  half  of  Buena 
Vista  county.  Opportunities  for  observation  are  not  many,  ow- 
ing to  the  level  topography,  wells  being  almost  the  only  recourse. 
Cuts  made  in  draining  or  shaping  the  highways  often  show  noth- 
ing but  a  deep  black  soil,  or,  where  a  mound  or  morainic  ridge 
must  needs  be  cleft,  the  exposure  shows  little  but  gravel.  Con- 
tact between  the  older  and  later  drift,  except  where  the  latter  was 
represented  by  sand  or  gravel,  was  nowhere  observed. 

ALLUVIAL  DEPOSITS. 

Alluvial  deposits  in  Buena  Vista  county  are  limited  almost  en- 
tirely to  the  immediate  borders  of  the  Little  Sioux.  At  Sioux 
Rapids  and  thence  west  to  and  including  the  mouth  of  Brooke's 
creek,  there  are  found  splendid  alluvial  bottom  lands  with  deep 
warm  soil,  the  most  fertile  in  the  county.  The  valleys  of  the  sev- 
eral divisions  of  Maple  river  show  similar  beautiful  alluvial 
meadows,  sometimes  a  mile  and  more  in  width.  Similar  soils, 
though  nothing  like  so  deep,  cover  more  or  less  completely  the 
wides{)read  gravel  trains  that  stretch  southward  and  westward 
from  Cherokee,  along  the  banks  of  the  Little  Sioux.  Such  soil 
conditions  are  to  be  especially  noted  in  the  vicinity  of  Quimby. 
The  liittle  Sioux  alluvium  is,  however,  a  very  different  thing 
from  that  of  the  Maple  system  of  streams.  The  latter  is  the  re- 
sult of  slow  erosion  with  gradual  accumulation  from  the  rich 
surface  of  the  surrounding  slopes.  In  consequence  the  erosion 
of  the  present  stream  exposes  a  black  soil,  many  feet  in  thickness, 
witli  only  here  and  there  a  trace  of  sand  and  gravel.  Along  the 
Sioux  on  the  contrary,  on  account  of  the  entirely  different  historj' 
already  sketched,  the  present  erosion  makes  havoc  of  the  com- 
paratively thin  veneer  of  rich  soil  and  exposes  the  subsoil  of  the 
gravel  train  or  sweeps  it  down  to  hami>er  the  meadows  and  lower- 
lying  fields. 
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THE  MARGIN  OP  THE  WISCONSIN  DRIFT. 

In  all  the  study  of  these  northwestern  counties  of  Iowa  one 
object  of  the  Suivey,  kept  continually  in  mind,  has  been  the 
determination  in  this  direction  of  the  western  limits  of  what  has 
all  along  been  designated  as  the  Wisconsin  drift.  The  fact  of 
the  identity  of  this  deposit  within  its  own  limits,  is  almost  ever>^- 
where  easily  discoverable;  but  when  we  come  to  define  the  deposit 
at  its  margin  and  in  respect  to  other  and  older  formations,  not 
as  it  might  appear  in  some  clean  vertical  section,  but  as  it  comes 
to  view  spread  out  upon  the  surface  of  the  ground,  we  are  con- 
fronted by  difficulties  not  a  few. 

In  the  first  place,  the  drift  itself  near  its  margin  is  not  always 
typical  in  constitution  or  character.  The  till  which  it  overlies 
may  perchance  contain  many  of  the  same  elements,  derived  by  an 
earlier  ice-flood  from  identical  sources,  and  so,  except  as  modi- 
fied by  time,  present  much  the  same  appearance.  Now  the  time 
modiiications,  weathering,  oxidation,  etc.,  are  always  in  the  older 
drift  shown  at  their  best,  of  course,  nearest  to  the  surface.  But 
by  the  very  conditions  of  the  problem  the  surface  is  just  that 
part  of  the  older  drift  most  likely  to  be  altered  or  even  entirely 
removed,  especially  at  a  glacial  margin  at  the  time  of  ro^iession, 
when  everything  is  more  or  less  completely  swept  by  marginal 
drainage  floods.  A  clean  section  of  undisturbed,  indisputable 
superposition  is  at  the  very  margin  of  an  overlying  sheet  scarce- 
ly to  be  expected.  We  should  the  rather  be  prepared,  as  far  as 
the  constitution  of  exposed  material  is  concerned,  to  find  a  com- 
mingling of  elements  old  and  new,  or  the  dei)osit  of  the  latter 
drift  upon  beds  also  fresh  in  appearance,  because  in  large  meas- 
ure deprived,  by  the  very  on-coming  of  the  later  drift,  of  those 
supei-ficial  characteristics,  time-developed  and  distinctive.  Of 
course,  in  numberless  instances  the  old  surface  is  yet  perfectly 
identifiable,  but  such  instances  are  to  be  looked  for  well  within 
the  margin  of  the  later  sheet. 

Furthermore,  the  marginal  material,  well  washed  by  the  waters 
of  the  melting  ice,  is  apt  to  consist  largely  of  sand  and  gravel, 
spread  sometimes  far  beyond  the  limit  of  actual  ice  action  and 
as  such  often  hardly  distinguisliable  from  other  gravel  deposits 
having  a  diflFerent  origin  and  a  different  history. 
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As  far  as  composition  is  concerned,  we  are   required   in   tlie 

present  problem  to  distinguish  between  the  Wisconsin  and  an 

older  body  of  drift  or  till.    The  Wisconsin   and   Kansan   have 

already  been  contrasted  in  an   earlier   volume   of   the   present 
series.*    At  tlie  drift  margin,  as  suggested,  all  these  distinctions 

are  apt  to  be  very  much  obscured. 

In  the  second  place  in  our  effort  to  delimit  a  glacial  sheet  such 
as  the  Wisconsin  we  must  always  be  guided  to  a  verj^  consider- 
able extent  by  purely  surface  indications,  'by  the  character  of  the 
surface  soil,  the  presence  or  absence  of  surface  bowlders,  and 
above  all  by  the  configuration  of  the  surface  as  expressed  in  gen- 
eral topography.  In  Iowa,  almost  without  exception,  the  older 
drift  sheets  are  covered  by  a  mantle  of  well  defined  loess;  the 
Wisconsin  is  so  far  supposed  to  be  without  loess.* 
It  is  generally  conceded  that  where  other  indications  are  lacking 
the  presence  of  a  deposit  of  loess  may  be  taken  as  a  mark  of  tiie 
older  drift.  Unfortunately  the  test  is  not  infallible.  Near  the 
borders  of  the  Wisconsin  the  loess  seems  to  have  been  sometimes 
entirely  swept  away  or  at  least  so  confused  with  outward  mate- 
rial as  to  render  its  identification  less  positive.  Thus  the  loess 
is  plainly  in  evidence  in  Buena  Vista  county,  close  up  to  the  bor- 
ders of  the  later  drift,  but  in  the  ultra-morainic  i)ortions  of  Clay 
and  O'Brien  counties,  far  out  from  the  definitely  marked  drift 
margin,  no  loess  was  discovered. 

Again  the  surface  of  the  older  drift  is  i)ractically  destitute  of 
bowlders ;  not  that  there  are  not  plenty  of  Kansan  bowlders,  but 
that  these  are  not  commonlv  found  at  or  on  the  surface.  In 
borini?  wells  they  are  encountered  all  too  often,  and  are  brought 
to  light  everywhere  along  the  water  courses  by  the  ordinar>^ 
processes  of  present  erosion.  The  famous  Pilot  Rock  in  Chero- 
kee county  is  a  magnificent  Sioux  cjuartzite  bowlder,  (Pig.  57.) 
exi)0sed  by  the  erosion  that  has  gone  on  before  it  and  around  it 
espe<*ially  since  the  days  of  the  Wisconsin  drift  and  jvrobably 
long  before.  All  the  valleys  leading  into  the  Little  Sioux  near 
its  exit  from  Buena  Vista  countv  are  crowded  with  bowlders, 
probably  most  of  them  released  by  recent  rapid  erosion,  although 

•  lown  Geol    Surv  .  vol.  VI,  p.  439. 

+  Icwa  Geol    Surv.,  vol.  VI,  pp.  347,  439;  vol.  VIII,  p.  444. 
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some  of  them  may  be  of  Wisconsin  origin  and  owe  their  present 
position  to  blocks  of  drifting  Wisconsin  ice. 

But  the  most  patent  distinction  between  earlier  and  later  gla- 
cial deposits  is  found  in  the  topography  of  tlie  dei>osits  tlieni- 
selves.  This  has  often  been  pointed  out  and  is  referred  to  tiere 
only  because  necessary  to  the  elucidation  of  some  ]»ecu!iar  fea- 
tures in  the  present  problem.  For  instance,  in  attem}iting  to 
delimit  anywhere  the  Wisconsin  lobe  by  the  tojiograpliy  we  may 
generally  consider  tliat  we  have  passed  the  border  wlieu  we 
leave  evidence  of  recent  ei-osion  and  come  out  ujion  that  which 
is  plainly  ancient  and  exhibits  the  results  of  long  suhjei'tion  to 
the  ordinarj'  destructive  influences  of  tlie  weather,  linjierfect 
draiuiige  and  erosion  resulting  in  short  deep  ravines  indicate, 
in  so  far,  newness  and  generally  in  northwestern  Iowa  are 
marks  of  the  M'^isconsin  drift. 

Again  the  cessation  of  the  ice  advance  in  the  path  of  any  gla- 
cier is  marked  by  the  deposition  which  always  takes  place  in  the 
most  definite  and  characteristic,  though  often  irregular  fashion. 
Piles  of  sand  and  gravel  occur  as  mounds  and  hillocks,  anywhere 
and  everj'where.     These  as  we  know  are  called  morainic  hills; 
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taken  altogether  they  constitute  the  moraine,  and,  when  laid  down 
in  the  field  of  ultimate  ice-extension  or  occupancy,  they  form  the 
Altamont  moraine.  Other  things  being  equal,  the  outer  limits  of 
the  glacial  dejx)sit  are  marked  by  the  course  of  the  Altamont  mo- 
raine. 

Now  all  tliese  characteristics  bv  which  the  boundaries  of  an 
ice  sheet  may  usually  be  discerned  are  subject  in  the  very  nature 
of  the  case  to  modifications  aifecting  every  one  of  the  details 
indicated.  Some  of  these  possibilities  have  been  touched  upon 
already  in  the  pages  immediately  preceding.  For  infitanee, 
in  the  matter  of  surface  deposits;  if  the  landscape  reached  by 
the  invading  ice,  should,  notwithstanding  age,  have  remained 
after  all  flat  or  poorly  drained,  it  may  be  covered  on  the  glacial 
retreat  by  all  sorts  of  new  material  in  the  form  of  overwash,  or 
it  may  remain  level  and  be  cut  in  every  direction  by  new  drain- 
age channels  and  so  simulate  in  all  respects  a  typical  youthful 
topography. 

Again  the  effect  of  the  presenc>e  of  the  glacier  on  streams  and 
valleys  accurrent  is  most  pronounced.  The  tendency  may  be 
easily  imagined;  all  streams  and  valleys  accurrent  will  be  more 
or  loss  completely  dammed  uf),  their  channels  partly  filled  or 
converted  into  marshes,  lakes  and  swamps:  so  that  such  a  valley 
ceases  entirely  to  fonn  part  of  the  drainage  system  of  the 
country,  or  even  cuts  a  new  channel  parallel  to  the  glacier's 
front,  and  finally  persists  as  a  new  stream,  losing  for  the  student 
almost  all  diagnostic  value,  though  demanding  explanation. 

On  abcurrent  channels  the  effect  is  of  course  quite  the  reverse. 
Such  coij(luits  will  be  called  ufion  suddenly  to  carrj^  far  more  than 
the  usual  (juota  of  waters.  They  will  become  widely  and  deeply 
eroded ;  new  channels,  even  here  also,  may  be  cut  through  where 
there  were  none  before  and  all  old  drift  material  and  alluvium  be 
re-sorted  and  mingled  with  the  new:  as  the  current  slackens  in 
volume  and  s})eed  the  wide  new-washed  channel  may  be  in  part 
filled  u)),  only  again  to  suffer  erosion  with  the  subsecjuent  action 
of  the  persistent  stream  whether  large  or  small,  and,  as  before, 
all  the  most  vivid  i>eculiarities  of  recent  erosion  may  be  found 
associated  with  drift  far  older  than  the  topography  would  at 
first  imply. 
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All  these  conditions  are  abundantly  illustrated  by  tlie  TODcretc 
example  before  ns.  We  may  see  them  all  as  we  attempt  to  trace 
the  Altamont  moraine  from  the  i>oint  where  it  emerges  from 
the  northern  townships  of  Carroll  county.*  The  accompanying 
map  shows  an  irregular  border  trending  nortli  and  west  (o  the 
northern  tine  of  the  state. 


f up  KhiiwInK  appnixltoBti'ty  th>-  InrBtion  of 

North H->vt(-rn  lows.  In  the  light  <>t  prR«-nt  hnowKidKc-. 

— Bj/  T.  jr.  Mnrl>ri-U: 

The  array  of  hillocks  thus  indicated  is  often  verj'  much  broken, 
BQmetimes  fails  for  a  few  miles  altogether,  but  may  generally 
be  kept  in  easy  vision  all  tlie  way  by  the  student  who  attempts 
to  follow  along  the  highways  the  coui*se  of  the  moraine, 

..  pp.  S7-60. 
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It  has  not  been  found  practicable  to  show  on  the  map  the 
widtli  of  the  conformation  since  the  range  of  mounds  and  kames 
in  this  region  is  nowhere  simple ;  rather  is  the  Altamont  here 
bound  back  to  very  numerous  secondary  or  recessional  moraines 
marking  various  and  repeated  oscillations  incident  upon  the 
close  of  the  period.  However  tlie  moraine  is  sometimes  very 
narrow  indeed,  not  more  than  a  mile  or  two  in  widtli ;  then  a^ain 
it  may  effect  more  or  less  completely  a  township,  a  county,  or 
more.  The  map  then  indicates  the  outer  or  distal  limits  only; 
for  further  details  the  reader  is  referred  to  the  particular  maps 
of  the  several  counties  forming  part  in  the  general  problem- 
Leaving  Carroll  county  at  a  point  nearly  south  of  Carnarvon, 
the  Altamont  may  be  traced  through  Carnarvon  to  Lake  View. 
Wall  lake  lies  in  the  very  margin  of  the  morainic  wall,  but  tenni- 
nates  southwesterly  in  wide  deposits  of  gravel,  which  have  to  a 
large  extent  filled  up  an  ancient  river  channel,  apparently  a 
part  of  that  which  is  now  the  Boyer,  probably  the  principal 
stream  of  an  ancient  Boyer  system.  The  entire  upper  portion 
of  this  stream  with  all  its  eastern  tributaries  was  obliterated  by 
the  Wisconsin  ice.  During  the  life  of  the  glacial  sheet  a  new 
Boyer  was  formed,  namely,  the  present  stream,  above  the  i>oint 
near  where  the  Northwestern  railway  crosses  the  river  west  of 
the  town  of  Wall  Lake.  It  will  be  noticed  that  the  present  river 
here  debouches  into  the  old  valley.  The  present  river  was  in 
large  part,  at  least,  the  marginal  drainage  channel,  while  that 
part  of  the  original  Boyer  channel  which  lies  between  the  present 
Wall  lake  and  the  point  of  debouchment  specified  was  practi- 
cally abandoned,  if  not  wholly  so.  With  the  a})proach  of  the  ice 
from  the  north  the  old  river  seems  to  have  continued  for  some 
time  efficient;  its  old  cliannel  in  the  abandoned  portion  being 
filled  with  gravel  as  of  a  gradually  failing  stream,  like  the  Platte, 
for  instance;  but  at  the  final  retreat  no  pennanent  stream  re- 
mained, however  small,  to  open  up  a  new  channel  and  so  occupy 
in  this  particular  place  the  old  river  bed.  Wall  lake  lay  as  a  ixx)l 
in  the  part  nearest  the  moraine,  just  in  the  moraine,  in  fact^  pre- 
vented  by  the  accumulated  gravel,  and  by  nothing  more  sub- 
stantial, from  contributing  €9ven  so  much  as  its  overflow  to  the 
current  of  the  Boyer  river;  while  Indian  creek  and  Coon  river, 
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It  has  not  been  found  practicable  to  show  on  the  ma})  the 
width  of  the  conformation  since  the  range  of  mounds  and  kames 
in  this  region  is  nowhere  simple;  rather  is  the  Altamont  here 
bound  back  to  very  numerous  secondary  or  recessional  moraines 
marking  various  and  repeated  oscillations  incident  upon  the 
close  of  the  period.  However  the  moraine  is  sometimes  very 
nan-ow  indeed,  not  more  than  a  mile  or  two  in  width ;  then  again 
it  may  effect  more  or  less  completely  a  township,  a  county,  or 
more.  The  map  then  indicates  the  outer  or  distal  limits  only; 
for  further  details  the  reader  is  referred  to  the  particular  maps 
of  the  several  counties  forming  part  in  the  general  problem- 
Leaving  Carroll  county  at  a  point  nearly  south  of  Carnarvon, 
the  Altamont  may  be  traced  through  Carnarvon  to  Lake  View. 
Wall  lake  lies  in  the  very  margin  of  tlie  morainic  wall,  but  tenni- 
nates  southwesterly  in  wide  deposits  of  gravel,  which  have  to  a 
large  extent  filled  up  an  ancient  river  channel,  apparently  a 
part  of  that  which  is  now  the  Boyer,  probably  tlie  principal 
stream  of  an  ancient  Boyer  system.  The  entire  upper  portion 
of  this  stream  with  all  its  eastern  tributaries  was  obliterated  by 
the  Wisconsin  ice.  During  the  life  of  the  glacial  sheet  a  new 
Boyer  was  formed,  namely,  the  present  stream,  above  the  jwint 
near  where  the  Nortliwestern  railway  crosses  the  river  west  of 
the  town  of  Wall  Lake.  It  will  be  noticed  that  the  present  river 
here  debouches  into  the  old  valley.  The  present  river  was  in 
large  part,  at  least,  the  marginal  drainage  channel,  while  that 
part  of  the  original  Boyer  channel  which  lies  between  the  present 
Wall  lake  and  the  point  of  debouchment  specified  was  practi- 
cally abandoned,  if  not  wholly  so.  With  the  a})proaeh  of  the  ice 
from  the  north  the  old  river  seems  to  have  continued  for  some 
time  efficient;  its  old  channel  in  the  abandoned  })ortion  being 
filled  with  gravel  as  of  a  gradually  failing  stream,  like  the  Platte, 
for  instance;  but  at  the  final  retreat  no  pennanent  stream  re- 
mained, however  small,  to  oi>en  u)>  a  new  channel  and  so  occupy 
in  this  particular  place  the  old  river  bed.  Wall  lake  lay  as  a  ix)ol 
in  the  part  nearest  tlie  moraine,  just  in  the  moraine,  in  fact^  i)re- 
vented  by  the  acx'umulated  gravel,  and  by  nothing  more  sub- 
stantial, from  contributing  even  so  much  as  its  overflow  to  the 
current  of  tlie  Boyer  river;  while  Indian  creek  and  Coon  river, 
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just  inside  the  same  moraine,  eflfected  the  drainage  as  well  as 
might  be  of  that  particular  region  which  had  in  pre- Wisconsin 
times  been  tlie  gathering  ground  of  probably  the  main  stream 
of  what  is  called  the  Bover.  These  last  named  streams  still  con- 
tinue  in  their  own  crooked  ways,  while  the  divide  that  separates 
Wall  lake  and  its  marshes  from  the  present  valley  of  the  Boyer 
cannot  be  more  than  a  dozen  feet,  j^ossibly  not  half  so  much ;  it 
is  not  i)ercei)tible  to  one  passing  over  the  ground. 

From  Wall  lake  the  Altamont  bends  northwest  and 
crosses  the  township  line  road  at  a  point  about  six  miles 
north  of  the  village  of  Wall  Lake;  it  then  continues 
almost  due  north  at  a  distance  of  from  one-half  a  mile 
to  one  mile  west  of  the  township  line  road  just  mentioned, 
quite  or  almost  to  the  southern  limits  of  Delaware  township. 
Here  the  border  bends  west  to  include  Kound  lake,  thence  almost 
due  north  to  the  village  of  Northam  on  the  line  of  the  Chicago, 
Milwaukee  and  Saint  Paul  railwav  which  here  follows  for  some 
distance  the  outer  margin  of  the  moraine.  Northam  is  in  a  notch 
in  the  moraine.  From  Northam  the  hills  trend  north  and  then 
west.  The  ice  sheet  api)ears  to  have  obliterated  entirely  on  the 
east  the  drainage  channel  of  which  Stonn  lake  and  its  accom- 
panying marsh  apj^ear  to  be  a  residual  part.  Indeed  it  is  not 
impossible  that  Stonn  lake  and  its  accompanying  marshes  may 
even  fonn  i)art  of  the  same  old-time  drainage  system  as  that 
represented  by  Wall  lake  farther  south.  At  any  rate  Storm  lake 
and  its  northwestward  extension,  though  offering  typical  Wiscon- 
sin topography,  i)robably  occujjy  a  pre-Wisconsin  valley  and  lie 
outside  the  Altamont  moraine.  The  ic^  margin  would  appear  to 
have  reached  the  lake  on  the  east  and  northeast  but  not  on  the 
west.  Here  is,  however,  a  problem  for  ^closer  investigation  than 
was  possible  in  the  })resent  course  of  the  surv^ey.  Some  local 
student  will  find  this  a  fruitful  field  for  further  inquiry. 

North  of  Stonn  lake  the  moraine  trends  northwest  bv  west.  It 
is  encountered  by  anyone  who  drives  northward  along  the  high- 
way passing  through  the  center  of  Washington  township.  It  is 
first  met  at  the  comer  of  sections  21  and  27.  Thence  the  moraine 
follows  the  general  course  of  Brooke's  creek.  For  a-coui>le  of 
miles  the  newer  drift  here  also  acted  as  a  dam  and  we  have  a  series 
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of  marshes  extending  half  way  to  Alta.  These  marshes  continue 
for  several  miles  through  Washington  township  and  for  some  dis- 
tance in  Elk,  indicating  the  stopi>age  of  the  original  drainage 
here.  They  are  all  now  tributary  to  Brooke's  creek,  though  still 
much  in  need  of  assistance  in  the  way  of  tiling  and  ditching. 
From  Elk  township  north  Brooke's  creek  is  well  defined,  seems  to 
have  fonned  for  a  short  distance,  and  comparatively  short  time, 
the  drainage  channel  for  the  margin  of  the  ice;  and  the  limits  of 
the  moraine,  here  trending  north  and  south,  are  determined  by 
Brooke's  valley,  though  less  perfectly  indicated  by  the  hills  them- 
selves ever\^where  much  affected  bv  erosion.  Indeed  the  morainic 
hills  of  the  noilliem  part  of  Buena  Vista  county  extend  in  low 
billowy  ranges  in  the  general  direction  of  east  and  west,  and  the 
Altamont  moraine  often  fades  out  into  a  mere  deposit  of  sand 
or  gravel  modifying  the  surface  soil.  This  is  plainly  the  case 
immediately  south  of  Linn  Grove.  The  moraine  is  within  a  few 
rods  of  the  village  but  so  spread  out  as  to  be  hardly  disicernable, 
and  yet  identifiable  in  the  topography  and  by  the  constitution 
of  the  surface  soil. 

From  Linn  Grove  east  tlie  moraine  follows  the  general  course 
of  the  Little  Sioux.  The  ice  probably  reached  tlie  present  coui'se 
of  the  stream  in  many  localities  but  the  evidence  of  this  ap- 
proacli  has  been  largely  swept  away  by  erosion;  thus  Soldier 
creek,  at  one  time  in  its  turn  part  of  tlie  marginal  drainage  sys- 
tem, has  greatly  affected  the  original  form  of  the  eountrj''  along 
the  south  bank  of  the  river.  Nevertlieless,  all  the  wav  from 
Linn  Grove  to  Sioux  Rapids  there  are  curious  indications  of  the 
obliteration  of  an  older  topography.  Thus  in  the  southeast  quar- 
ter of  section  10  in  Barnes  townshij),  within  half  a  mile  of  the 
river,  we  have  a  mai*sli  that  can  be  explained  on  no  other  hyiK>th- 
esis.  At  the  point  where  the  Minneapolis  railway  is  crossed  by 
a  high  bridge,  northeast  quarter  of  section  14,  there  is  evidence  of 
the  filling  up  of  an  earlier  drainage  channel,  not  ver\^  large,  it  is 
true,  but  patent.  In  many  localities  the  drainage  of  the  surface 
is  yet  away  from  the  river,  in  fact  in  the  original  direction  as 
will  be  exjilained  later. 

At  Sioux  Rapids  the  morainic  deposits  occupy  the  upper  jx)r- 
tion  of  the  city.    Here  is  to  be  referred  tlie  deposits  and  gravel 
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at  the  schoolhouse  and  at  the  city  water  tower,  but  not  those  before 
mentioned  as  overwash,  and  now  used  by  the  city  as  a  gravel  pit. 
From  Sioux  Rapids  the  margin  of  the  morainic  deposits  may  be 
traced  eastward  toward  Mai'athon  and  again  north  at  a  little  dis- 
tance generally  from  the  river  but  once  more  foiining  its  soutliem 
bank  through  the  nortliem  half  of  Herdland  township  in  Clay 
county/and  especially  at  and  about  Gillett's  Gro^^e.  From  this  i>oint 
the  moraine  bends  off  to  the  northeast  again,  toward  the  center  of 
Logan  township,  thence  northward,  a  little  east  of  the  center  of 
the  township,  tlien  north  again  and  finally  west  and  nortliwest 
through  the  town  of  Dickens,  tlience  almost  west  to  a  point  north 
of  Everly.  From  this  point  the  border  follows  almost  exactly 
the  course  of  the  Ocheyedan  river,  emerging  from  Osceola  county 
and  leaving  Iowa  at  a  point  just  east  of  the  station  Biglow  in 
Minnesota.  The  details  for  Dickinson  and  Osceola  counties  have 
been  already  somewhat  discussed  in  these  repoiis*  and  may  be 
more  accurately  presented  in  a  special  map  hereafter. 

The  Little  Sioux  river,  with  the  Ocheyedan  as  its  western  trib- 
utary, will  tlms  appear  to  liave  been  determined  in  its  course 
from  the  state  line  almost  to  Peteison  by  the  margin  of  the  Wis- 
consin ice.  Indeed,  there  is  no  doubt  that  the  stream  between 
the  limits  named  acted  as  drainage  channel  probably  for  a  long 
time,  as  long  as  the  ice  lay  in  the  vicinity.  A  glance  at  the  map 
is  all  that  is  needed  to  show  to  any  observer  that  in  some  way 
the  course  of  the  drainage  in  tliis  part  of  Iowa  has  been  strangely 
changed.  The  high  plateau  followed  by  tlie  Chicago,  Rock  Island 
and  Pacific  railway  from  Webb  to  Sibley,  seems  to  have  been 
witliout  doubt  a  pre- Wisconsin  divide,  the  very  crown  of  tlie 
ancient  drift  and  yet  undrained,  or  at  least  but  little  eroded  by 
the  drainage  channels  which  led  off  east  and  west,  perhaps 
chiefly  east.  It  may  be,  for  instance,  that  the  Little  Ocheyedan 
represents  in  part  at  least  one  of  these  older  streams,  biit  the 
remarkable  out-tliinist  of  a  lobe  of  ice  westward  nearly  across 
Buena  Vista  county  changed  the  whole  face  of  the  country.  A 
study  of  the  topography  of  O'Brien  county  led  the  present  writer 
to  believe  tliat  the  larger  part  of  that  county  had  been  covered  by 
the  Wisconsin  ice,  tliough  irregularly  and  by  a  sheet  tliat  left 

*IowaGeol.  Surv. ,  vol.  X,  pp.  189-239. 
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deposits  of  veiy  moderate  thickness  and  was  soon  withdrawn.* 
AVe  are  now  in  position  to  sketch  the  historj^  of  present  topog- 
raphy of  all  tlie  northwest  portion  of  our  state.  The  invasion  of 
the  Wisconsin  ice  was  from  the  north  with  a  distinct  trend  toward 
the  southeast.  This  was  probably  occasioned  by  the  existing 
configuration  of  the  country.  There  existed  a  well-perfected 
drainage  system  tributary''  to  the  Mississii)pi  river,  probably  by 
way  of  tlie  Des  Moines  valley  much  as  now.  x\s  the  ice  readied 
our  northern  frontier  north  of  the  counties  we  have  been  studv- 
ing,  it  at  first  made  usfe  of  the  existing  stream  channels,  both 
west  and  east.  The  outwash  from  the  glacier's  front  went  over 
the  Rock  river  system  of  streams.  This  is  abundantly  evidenced 
by  the  omnipresent  dei>osits  of  Wisconsin  gravels  all  the  way 
down  the  Rock  river  and  even  yet  discoverable  far  above  the  level 
of  the  present  flood  plain,  as  in  the  vicinity  of  Rock  Valley  in 
Sioux  countj\  The  streams  on  the  east  side  of  the  divide  were 
obliterated  as  the  ice  progressed  and  the  entire  drainage  thrown 
more  and  more  westward  against  the  divide  as  against  a  wall. 
This  resulted  in  the  j)resent  Ocheyedan  river  with  its  high  ero- 
sion wall  on  the  western  or  southwestern  bank  and  the  deposits 
of  gravel  at  high  levels  and  far  out  of  the  course  of  preseiit  floods 
as  at  Allendorf,  for  instance.  The  upjx^r  course  of  the  Little 
Sioux  seems  to  have  been  used  for  a  while  but  eventually  cut  off 
below  or  southwardly  bv  some  westward  thrust  of  the  ice  across 
its  course.  When  the  ice  front  rested  but  little  north  of  Spencer, 
or  possibly  at  Spencer,  the  Ocheyedan  still  conveyed  away  its 
waters,  passing  the  i)resent  site  of  the  town  of  Dickens  and  so 
on  eastward  probably  to  what  was  then  the  Des  Moines.  From 
a  point  about  half-way  between  Dickens  and  Ruthven  the  ice 
began  to  move  directly  south  and  then  a  few  miles  to  the  west, 
throwing  the  river  by  a  sharp  flexure  first  to  the  west  and  then 
south.'  This  movement  cut  the  river  off  entirely  from  its  old 
eastern  conjunction  with  the  Des  Moines  and  shunted  it  south- 
ward, i)erha}js  into  a  channel  at  that  time  continuous  with  what 
we  now  recognize  as  tlie  Boyer,  from  the  town  of  Wall  Lake 
south:  so  that  the  Ocheyedan  for  a  while  actually  drained  into 
the  Missouri  instead  of  the  Mississippi  and  by  the  way.  of  the 

*  Compare  vol.  XI,  d.  486.    The  entire  report  on  O'Brien  county  was  left  uncertain  and  tentative 
for  lack  of  information  as  to  what  lay  south.    See  vol.  XI,  p.  48a. 
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Boyer.  As  we  shall  see,  it  never  got  into  the  Mississippi  again. 
At  this  time  the  river  occupied  as  part  of  its  channel  in  Clay 
county  the  great  valley  in  Logan  township  of  Clay  cininty  now 
called  Elk  valley  and  occupied  by  the  insignificant  Elk  cre^. 
Later  by  a  westward  thrust  of  the  ice  this  channel  was  also  cu> 
oflF,  the  glacier  approaching  Gillets  Grove.  The  dannuing  of  the 
water  by  this  move  seems  to  have  thrown  the  river  over  a  jH^r- 
tion  of  the  divide  hitherto  untouched,  namely  that  jmrt  imme- 
diately south  of  Dickens,  so  that  the  river  here  assmne<i  its 
present  channel.  From  Gillets  Grove  the  drainage  seems  to  have 
still  passed  for  some  time  on  south,  past  Webb  and  Marathon, 
until  at  length  the  ice  moved  west  once  more,  this  time  to  HnH>ke*s 
creek,  obliterating  its  own  drainage  channel  southwanl  mid  ?^end- 
ing  the  waters  of  the  river  over  the  divide  by  way  of  Sioux  Kapids 
and  Linn  Grove  into  what  was  probably  alivady  Bn>oke's  cnvk, 
pouring  into  the  Watenuan  just  beyond  Peterson  and  so  oivui.y- 
ing  the  channel  of  tliat  stream  south  through  Chen>kee  county. 

Such  a  history  as  this  accounts  for  a  great  many  of  tlie  ihvuI- 
iar  features  of  tlie  region  described;  perhaps  for  nwirly  or  (]uite 
all  of  them.  It  will  be  noted  that  the  ice  in  accomplishing  tiiis 
singular  deflection  of  the  river,  now  called  the  Little  Sioux,  but 
which  is  really  more  exactly  as  we  see  the  Oclieyeiian,  occupiiMl 
continually  strategic  i)oints.  It  does  not  always  by  its  moraine 
touch  the  channel  of  the  present  stream,  but  meets  it  only  at 
those  points  essential  to  throw  it  in  the  direi»tion  it  has  finally 
assumed.  Thus  the  moraine  reaches  the  river  at  OcheytHlan,  at 
Spencer,  at  Gillets  Grove,  and  again  from  Sioux  Kai)ids  to  Linn 
Grove,  and  so  accomplishes  the  whole  movement  If  it  be  ob- 
jected that  the  terrene  about  Marathon  and  east  of  the  river  gen- 
erallv  is  lower  than  the  table-land  about  Peterson,  we  have  only 
to  reflect  that  the  change  in  tlie  course  of  the  river  was  not  effected 
by  the  terrene  but  by  the  ice-front  itself,  and  that  the  channel 
was  cut  to  its  present  depth,  or  deei)er,  while  the  ice  was  still 
the  dominant  factor  in  the  toix)graphy.  The  lowlands  almut 
Webb  and  south  and  tlie  present  course  of  the  intra-morainic* 
Coon  river  indicate  the  probable  course  of  the  drainage:  Ix^foro 
the  westward  out-push,  and  are  low  for  that  very  reason.  Under 
some  such  hypotliesis  as  that  herein  set  forth  we  may  rensonably 
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explain  the  peculiar  topographic  and  other  surface  features  of 
western  Clay  and  southern  O'Brien  counties.  In  the  suc(»essive 
damming  up  of  the  river,  first  in  the  vicinity  of  Ruth- 
ven,  and  then  further  south  at  Gillet's  Grove  and  at 
Sioux  Rapids,  there  must  have  been  overflow  in  every 
direction.  This  may  perhaps  account  for  the  gravel  deposits 
along  the  coui'se  of  Mill  creek,  esj^ecially  near  its  mouth,  for 
the  deposits  of  sand  and  gravel  in  out  of  the  way  places,  as  at 
Sibley,  Sheldon  and  in  the  region  about  Larrabee  and  north.  We 
have  also  in  our  present  hypothesis  at  least  a  partial  clearing 
up  of  some  of  the  peculiar  drainage  features  that  have  been  a 
mystery  as  we  have  heretofore  attempted  to  account  for  the  pres- 
ent topography  of  O'Brien  and  Clay  counties.  We  ma>  reflect 
that  the  erosion  oi>erations  that  had  been  begun  toward  the  east 
weie  bv  the  advent  and  residence  of  the  Wisconsin  ice  all  for  a 
long  time  almost  entirely  suspended;  in  some  cases,  at  least, 
never  resumed ;  hence  the  maishes  and  lakes  or  undrained  flats 
such  as  have  characterized  southern  Osceola  countv  and  north- 
em  O'Brien.  Southwestern  Clay  county  shows  something  of  the 
same  topography. 

In  view  of  our  i)resent  light  we  may  now  also  better  under- 
stand the  wonderful  erosion  features  of  Watennan  creek  already 
discussed  in  the  reix)rt  of  O'Brien  county.  Attention  is  there 
(tailed  to  the  remarkable  newness  of  the  erosion  processes  esjie- 
cially  as  noted  in  Grant  and  Waterman  townships.  It  was  also 
suggested  that  the  Little  Sioux  is  a  tributary  of  Watennan  creek 
rather  than  the  reverse.  This  idea  is  strongly  confirmed.  Until 
the  Wisconsin  ice  pushed  across  Buena  Vista  county.  Water- 
man creek  was  a  simple  prairie  stream,  not  unlike  the  upper  part 
of  the  Floyd,  though  probably  not  quite  so  deeply  eroded,  flow- 
ing southward  in  the  present  channel— all  uneroded,  of  course,— 
of  the  Sioux  river  south  through  Cherokee.  Presently,  however, 
Brooke's  creek,  from  the  neighborhood  of  Linn  Grove  on,  began 
to  i)lay  the  part  of  drainage  outlet  for  a  melting  glacier.  How 
rapidly  the  little  creek  and  the  channel  of  the  lower  part  of  the 
Waterman  now  became  eroded,  we  may  easily  imagine.  A  great 
ditch  was  cut  in  the  soft  old  drift  from  the  present  mouth  of 
Brooke's  creek  to  the  bluflfs  of  the  Missouri,  and  tlie  upper  part 
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of  tbe  Waterman  was  left  to  eat  haek  it;^^  ohaniK^  by  tlk^  use  ^^f 
storm  water  pn>hably  at  first  by  a  stHvetss^iou  of  falK  vvrtaaily 
by  an  erv«on  of  most  prveipitous  duiraoter.  TW  eiv^ou  i>f 
Waterman  creek  is  aoeordingly  the  most  rwvnt  in  tiu^  wSto^^ 
eoontry:  in  fact,  it  is  even  now  in  pii^ress.  It  has  ik^  ^rr^^it 
gravei  trains  for  the  rvason  that  it  never  dminevl  the  iiw  ;;!  u\hs!. 
not  t->  any  considerable  Extent:  its  walls  are  ftUliujr  in  wiili  iKic'n 
recurrinsr  spring.  iUmost  with  everv  heavv  rain,  ami  it  i<  ci^d 
naUy  cutting  back  into  the  general  terrene,  much  as  a  ditch  sonu^ 
times  cuts  back  in  a  prairie  field  when  the  sihI  is  bn>ken. 

The  remains  of  once  used  river  channels  an^  not  the  livist  in- 
teresting and  instructive  features  of  the  l;mds<*5ijH\  iHmfinuaiory 
in  the  highest  degree  of  our  present  argxmient.  The  alviiulonevl 
channel  of  the  Bover  at  Wall  Liike  has  Invn  aln^ulv  nicntioninl. 
There  are  other  bits  of  this  old  channcK  all  unfilKvU  still  further 
north,  in  Jackson,  Delaware  imd  ?"den  townshij^  ol*  Siu*  iH>uuty, 
and  to  some  extent  in  Providence  township  of  Hiiena  Vista 
county.  Then  we  have  the  great  pit  in  Logjin  township  of  (May 
countA',  referred  to  in  an  earlier  report  as  a  valley  of  construe 
tion ;  i)Ossibly  so  in  part  but  more  likely  <is  we  now  stv  a  frag 
ment  of  an  old-time  river  channel.  It  is  prolmble  that  otl^er 
curious  misplaced  valleys  in  other  northwestern  count  its  adjii- 
cent  to  the  border  of  the  drift  mav  have  had  a  similar  liistorw 
but  time  has  not  allowed  more  exact  investigjition. 

For  the  industrious  Buena  Vista  countv  fanner  who  n\av  per 
chance  read  these  lines  in  his  quiet  home,  it  will  seem  a  thing 
hard  to  believe  much  less  to  realize,  that  in  times,  even  as  history 
reads,  not  so  long  gone  by,  all  the  landscape  ahont  Peterson  and 
Linn  Grove  and  their  hills  was  girt  by  a  wall  of  ice,  to  thr  north, 
to  the  east,  to  the  soutli,  a  wall  probably  scores  of  feet  in  luMght, 
gray  and  somber,  from  whose  crumbling  foot  and  base  stn^anunl 
persistent  fountains  flooding  the  whole  country  with  their  tur- 
bid waters  and  even  choking  up  thfe  affluent  strwims  witli  un 
heard  of  loads  of  sand  and  gravel.  And  yet  such  stxMns  to  he  th(» 
undoubted  history  of  all  this  prairie  region.  On  no  other  tlieory 
divinable  so  far,  may  its  i)eculiarities  be  understood,  mneli  l(\ss 
explained.  Of  course,  such  a  tlieory  asks  credence  on  othiM* 
grounds  than  the  mere  fact  that  it  fits  the  situation.     J^iVidenci* 
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explain  the  ijeculiar  topographic  and  other  surface  features  of 
western  Clay  and  southern  O'Brien  counties.  In  the  successive 
damming  up  of  the  river,  first  in  the  vicinity  of  Ruth- 
ven,  and  then  further  south  at  Gillet's  Grove  and  at 
Sioux  Rapids,  there  nmst  have  been  overflow  in  every 
direction.  This  may  j)erhaps  account  for  the  gravel  deposits 
along  the  coui"se  of  Mill  creek,  esj^ecially  near  its  mouth,  for 
the  deposits  of  sand  and  gravel  in  out  of  the  way  places,  as  at 
Sibley,  Sheldon  and  in  the  region  about  Larrabee  and  north.  We 
have  also  in  our  present  hyix>thesis  at  least  a  partial  clearing 
up  of  some  of  the  peculiar  drainage  features  that  have  been  a 
mystery  as  we  have  heretofore  attempted  to  account  for  the  pres- 
ent topography  of  O'Brien  and  Clay  counties.  We  maj  reflect 
that  the  erosion  oi>erations  that  had  been  begun  toward  the  east 
weie  by  the  advent  and  residence  of  the  Wisconsin  ice  all  for  a 
long  time  almost  entirely  suspended;  in  some  cases,  at  least, 
never  resumed;  hence  the  marshes  and  lakes  or  undrained  flats 
such  as  have  characterized  southern  Osceola  countv  and  north- 
em  O'Brien.  Southwestern  Clay  county  shows  something  of  the 
same  topography. 

In  view  of  our  present  light  we  may  now  also  better  under- 
stand the  wonderful  erosion  features  of  Watennan  creek  already 
discussed  in  the  rei>ort  of  O'Brien  county.  Attention  is  there 
called  to  the  remarkable  newness  of  the  erosion  processes  esjx}- 
cially  as  noted  in  Grant  and  Watennan  townships.  It  was  also 
suggested  that  the  Little  Sioux  is  a  tributary  of  Watennan  creek 
rather  than  the  reverse.  This  idea  is  strongly  confinned.  Until 
the  Wisconsin  ice  pushed  across  Buena  Vista  county.  Water- 
man creek  was  a  simple  prairie  stream,  not  unlike  the  upper  part 
of  the  Floyd,  though  probably  not  quite  so  deeply  eroded,  flow- 
ing southward  in  the  present  channel— all  uneroded,  of  course,— 
of  the  Sioux  river  south  tlirough  Cherokee.  Presently,  however, 
Brooke's  creek,  from  the  neighborhood  of  Linn  Grove  on,  began 
to  play  the  i>art  of  drainage  outlet  for  a  melting  glacier.  Ho»w 
rapidly  the  little  creek  and  the  channel  of  the  lower  part  of  the 
Watennan  now  became  eroded,  we  may  easily  imagine.  A  great 
ditch  was  cut  in  the  soft  old  drift  from  the  present  mouth  of 
Brooke's  creek  to  the  bluflfs  of  the  Missouri,  and  the  upper  part 
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of  the  Waterman  was  left  to  cut  back  its  channel  by  the  use  of 
storm  water  probably  at  first  by  a  succession  of  falls,  certainly 
by  an  erosion  of  most  precipitous  character.  The  erosion  of 
Watennan  creek  is  accordingly  the  most  recent  in  the  whole 
country;  in  fact,  it  is  even  now  in  progress.  It  has  no  great 
gravel  trains  for  the  reason  that  it  never  drained  the  ice,  at  least, 
not  to  any  considerable  Extent;  its  walls  are  falling  in  with  each 
recurring  spring,  almost  with  every  heavy  rain,  and  it  is  grad- 
ually cutting  back  into  the  general  terrene,  much  as  a  ditch  some- 
times cuts  back  in  a  prairie  field  when  the  sod  is  broken. 

The  remains  of  once  used  river  channels  are  not  the  least  in- 
teresting and  instructive  features  of  the  landscape,  confirmatory 
in  the  highest  degree  of  our  present  argument.  The  abimdoned 
channel  of  the  Bover  at  Wall  Lake  has  been  already  mentioned. 
There  are  other  bits  of  this  old  channel,  all  unfilled,  still  further 
north,  in  Jackson,  Delaware  and  Eden  townships  of  Sac  county, 
and  to  some  extent  in  Providence  township  of  Buena  Vista 
county.  Then  we  have  the  great  pit  in  Logan  township  of  Clay 
county,  referred  to  in  an  earlier  rei)ort  as  a  valley  of  constric- 
tion ;  possibly  so  in  part  but  more  likely  as  we  now  see  a  frag- 
ment of  an  old-time  river  channel.  It  is  probable  that  otliei- 
curious  misplaced  valleys  in  other  northwestern  counties  adja- 
cent to  the  border  of  the  drift  may  have  had  a  similar  historj^ 
but  time  has  not  allowed  more  exact  investigation. 

For  the  industrious  Buena  Vista  county  fanner  who  may  i)er- 
chance  read  these  lines  in  his  quiet  home,  it  will  seem  a  thing 
hard  to  believe  much  less  to  realize,  that  in  times,  even  as  history 
reads,  not  so  long  gone  by,  all  the  landscape  about  Peterson  and 
Linn  Grove  and  their  hills  was  girt  by  a  wall  of  ice,  to  the  north, 
to  the  east,  to  the  soutli,  a  wall  probably  scores  of  feet  in  height, 
gray  and  somber,  from  whose  crumbling  foot  and  base  streamed 
persistent  fountains  flooding  the  whole  country  with  their  tur- 
bid w^aters  and  even  choking  up  thfe  affluent  streams  with  un- 
heard of  loads  of  sand  and  gravel.  And  yet  such  seems  to  be  the 
undoubted  history  of  all  this  prairie  region.  On  no  other  theorj^ 
divinable  so  far,  may  its  peculiarities  be  understood,  much  less 
explained.  Of  course,  such  a  tlieory  asks  credence  on  other 
grounds  than  the  mere  fact  that  it  fits  the  situation.    Evidence 
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clouds  to  descend  as  showers  all  up  and  down  the  eastern  coun- 
ties. But  with  the  progress  of  our  agriculture  these  surface 
waters  have  almost  entirely  disappeared,  hurried  away  by  our 
finer  systems  of  drainage  to  the  rivers  and  to  the  sea,  and  the 
immediate  source  of  local  showers  for  Iowa  has  disappeared  as 
well.  We  are  probably  too  near  this  situation  yet,  rightly  to 
understand  it  or  to  reckon  accurately  tlie  change  we  have  effected ; 
but  the  case  will  certainly  bear  investigation  and  all  the  most 
exact  observation  of  tliose  in  position  to  observe  will  be  needed 
to  enable  us  wisely  to  use  the  resources  of  this  great  state  and 
to  prevent  our  civilization  from  self-injury,  if  not  self  destruc- 
tion. 

The  Wisconsin  lands  are  in  some  places  not  a  little  incum- 
bered with  bowlders ;  but  these  have  proved  of  great  value  everj^- 
where  as  building  stone  where  no  other  rock  was  at  all  accessible. 
West  of  the  moraine  and  its  immediate  vicinage  there  are  bowl- 
ders only  where  these  have  been  exposed  and  accumulated  by  the 
later  processes  of  erosion,  as  along  the  banks,  ravines,  of  the 
Little  Sioux  and  of  Mill  creek.  The  scarcity  of  such  rock  south 
and  west  of  tlie  latter  stream  is  remarkable  and  even  notorious. 
The  famous  Pilot  llock  south  of  Cherokee  is  a  remarkable  exam- 
ple of  a  bowlder  of  the  older  drift,  long  buried  but  now,  prob- 
ablv  since  Wisconsin  times,  uncovered  bv  erosion.  This  rock 
has  been  quarried  again  and  again,  and  is  likely  to  be  finally 
utterly  destroyed  and  carried  away.  It  is  in  more  senses  than 
one  a  historic  landmark  and  surely  deserves  a  better  fate.  The 
bowlders  that  strew  the  hillsides  above  tlie  city  of  Cherokee  are 
probably  all  set  free  by  similar  erosional  agencies,  although  some 
of  them  may  be  of  Wisconsin  time,  brought  down,  as  already  sug- 
gested, in  floating  ice.  The  bowlders  about  Sioux  Rapids  are 
apparently  of  Wisconsin  age;  one  massive  limestone  block  near 
the  upper  railway  station  can  hardly  belong  to  the  older  drift. 

But  in  general  the  soils  of  the  counties  here  discussed,  whatever 
their  nature,  whatever  their  foundations,  are  of  the  finest  quality, 
and  yield  to  husbandrs^,  year  after  year,  with  undiminished  vigor, 
the  varied  crops  which  belong  to  this  latitude  in  the  great  Mis- 
sissippi valley. 
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and  Tile. 


Brick  and  tile  are  both  extensively  manufactured  in  both  coun- 
ties, more  attention  being  paid  to  tile,  for  which  in  Buena  Vista 
county  there  has  been  a  great  demand.  At  Sioux  Rapids  Mr.  J. 
F.  Cooler  manufactured  in  the  year  lOOT)  some  500,(KX/  bricks 
and  fi  )0,000  tiles.  The  brick  is  rather  soft,  but  answers  every  pur- 
pose for  inside  work.  The  tiles  are  said  to  be  of  the  first  grade. 
The  material  is  derived  from  a  fine  alluvial  deposit  close  by  the 
river,  apparently  a  bed  of  silt,  which  ix)ssibly  reaches  the  Kan- 
san  blue  clay.  At  Linn  Grove,  a  little  farther  down  the  river,  a 
similar  deposit  affords  material  for  the  manufacture  of  consid- 
erable quantities  of  both  brick  and  tile.  At  both  jioints  K'oal  is 
the  fuel  employed  and  it  must  be  brought  from  a  distance,  even 
coming,  some  of  it,  as  reported^  from  southern  Iowa.  At  Storm 
Lake  a  similar  bed  of  what  seemed  to  be  silt  is  worked  piofi'ably 
in  the  manufacture  of  soft  brick  and  tiling  of  various  sizes  but 
fair  qualitj',  alJ  rapidly  taken  up  by  the  local  demand. 

At  Cherokee  Mr.  J.  W.  Townsend  manufactures  some  two  and 
one-half  million  brick  per  year  and  1W,(XXJ  tiles.  Coal  is,  of 
course,  the  fuel  employed :  said  to  come  from  the  Webster  count>' 
mines.  The  clay,  rather  sandy,  Is  brought  from  an  adjacent  hill 
to  the  kilns  on  the  west  bank  of  the  river.  The  exix>sure  ha/^j 
been  brought  about  by  recent  erosion  but  l>elongs  Uj  pre  Wiscon- 
sin di  if t-  It  forms  a  part  of  the  general  l>ody  of  the  local  drift 
and  is  capped  by  loess  though  of  impure  character.  Beneath  is 
a  distinct  stratum  of  sand  which  in  turn  reste  ujion  wjiat  is  i>iob- 
ably  the  omnipresent  blue  clay.  The  lower  layers  were  not  well 
exix>sed  at  the  time  of  our  visit,  but  the  section  as  it  then  ap- 
jjeared  was  approximately  as  follows: 

FKET. 

4.     Dark  oranpe  colored  Uj^htt 6 

3-     Rne,  FJlt-like.  sandr  clay,  not  udike  the  loesc  of 

tti^e   Missouri  hills 20 

2.     Sand    1 

1-    Blue  clay 3 

Xo.  ti  where  exposed  on  the  far^e  of  the  bluflF  by  natural  erosion 
showF  abundant  loess-kindchen- 

The  hrick  manufactured  bv  Mr.    Townsend    are    when    well 
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bumod  hard,  of  a  dark  yellowish  brown  color,  and  suitable  for 
all  sorts  of  construction.  It  is  a  curious  fact  worth  noting,  per- 
haps,  that  many  years  ago  an  attempt  was  made  near  Marcus  to 
burn  brick,  using  the  wild  hay  of  the  prairies  as  fuel.  The  ex- 
.I)erimcnt  seems  to  have  been  only  partially  successful.  But  there 
ought  to  be  found  good  brick  clay  at  Mai(fus,  particularly  to  the 
south  of  that  village.  Just  at  the  town  tlie  loess  deposits  are 
somewhat  sc^mty,  but  the  material  is  abundant  in  various  places 
in  the  township  south,  and  is  also  not  lacking  three  or  four  miles 
north  of  tlie  corporation. 

Gravels. 

In  both  the  counties  here  discussed  there  are  unlimited  supplies 
of  gravel  suitable  for  the  preparation  of  highways.  When  once 
the  era  of  good  roads  actually  arrives  these  gravel  deposits  will 
assume  more  nearly  their  real  value,  that  is,  they  will  be  better 
appreciated  than  now.  Nevertheless,  in  the  towns  of  Cherokee 
county,  and  in  botli  city  and  country  in  Buena  Vista  county, 
gravel  is  today  the  road  material.  An  organized  eflfort  for  the 
use  of  tliis  material,  extending  the  paved  or  graveled  road  year 
bv  vear,  would  soon  make  the  countiT  roads  of  all  northwestern 
Iowa  the  verv^  best  in  the  state. 

Water  Supply. 

Cherokee  county  is  favored  by  tlie  ])resence  of  two  fine  peren- 
nial sti earns,  the  Little  Sioux  river  and  Mill  creek.  These  extend 
across  the  countv  in  such  a  wav  as  to  be  ven^  convenient  to  hun- 
dreds  of  fanners  and  stock-raisers.  The  volume  of  water  in  the 
river  is  sufficient  for  water-power,  and  at  Cherokee  it  was  for- 
merly used  for  milling  purposes.  At  the  present  writing  there 
is  no  water  power  in  either  county  exc-ept  the  small  dam  at  Sioux 
Rapids.  This  has  recently  been  renewed  and  power  sufficient  for 
a  grist-mill  seems  to  have  been  easily  obtained.  In  each  county 
there  is  rather  an  unusual  number  of  springs,  and  these  are  of 
greatest  service  in  the  localities  where  they  oc»cur.  At  the  county 
farm  in  Buena  Vista  county  si)ring  water  is  conveyed  to  the 
buildin2:s  and  farm  houses  bv  means  of  an  hvdraulic  ram.  How- 
ever,  in  both  counties  the  princii)al  reliance  for  water  i^.  ui)on 
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wells.  These  vary  very  greatly  in  depth.  It  would  seem  that 
deep  wells  until  verj-  recently  have  not  been  found  necessar>'. 
Reference  has  already  been  inade  to  the  eflFort  at  deep  drilling 
made  by  the  railway  people  near  Marcus,  and  we  occasionally 
hear  of  a  well  300  to  500  feet  deep,  **to  get  tlirougli  the  blue 
elav":  but  most  of  the  wells  in  Cherokee  countv  are  ver\'  shal- 
low,  not  more  tlian  fifteen  feet,  some  of  them,  and  scarcely  any 
more  than  thirt>'  feet.  South  of  Quimby  a  short  distance  are 
two  flowing  wells  said  to  be  about  120  feet  in  depth  and  through 
the  blue  clay,  but  the  information  in  regard  to  the  wells  was 
meager,  as  indeed  with  reference  to  nearly  all  the  deep  wells  said 
to  occur  in  this  county.  As  a  rule  no  record  at  all  is  kept  o{  any- 
thing except  depth,  and  once  the  land  changes  hands,  or  the  man 
who  fjaid  for  sinking  the  well  disapi)ears,  it  is  imix)ssible  to  get 
any  accurate  information.  The  value  of  the  careful  well-digger 'g 
data  is  great  and  they  might  with  advantage  in  each  county  be 
made  a  matter  of  public  record. 

In  Buena  Vista  count>'  deep  wells  are  also  the  exception  and 
were  heard  of  onlv  southwest  of  the  lake  and  west  of  Brooke's 
creek.  However,  on  section  17  in  Grant  townsliiji  there  is  a  well 
143  feet  dee}*,  in  which  is  reix)rted  20  feet  to  the  blue  clay,  70  feet 
of  blue  clay  and  then  yellow  clay  and  gravel  to  quicksand  and 
water.  At  Xewell  is  a  well  where  the  blue  clav  was  reached  at  the 
depth  of  only  12  feet,  but  beyond  that  depth  the  re<*r>rd  is  not  verv' 
satisfactor>%  althouglj  the  well  is  rejx)rted  24^)  feet  deeiJ. 

In  general  it  may  be  said  tliat  the  two  counties  are  not  onI>' 
well  watered  in  the  ordinar>'  sense  of  that  tenru  but  tJje  supply 
from  we]li!>  is  if  anj'thing  more  tlian  ordinarily  a<M'e8sible. 

ACKNOWLEDGMENTS. 

In  the  ]»rosecution  of  the  work  of  wliidj  tjjese  ]»ages  offer  a 
brief  Te\K)rt  the  aiitlior  has  enjoyed  the  (constant  encouri^eiueut 
and  assistance  of  the  general  ofBriers  of  the  Survey.  He  would 
also  jjcre  re^-ord  his  sense  of  obligation  to  Mr.  W.  J.  Ilarnalian. 
chief  engineer  of  the  Illinois  Central  railway,  for  data  in  refer- 
ence to  the  tliickness  of  the  drift  in  ("heroke^:*  countv.  Tiie  Hti- 
zens  of  the  two  counties  herein  descrilxKl  have  shown  r-jiistaut 
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interest  in  the  prosecution  of  the  work  and  many  of  them  with- 
out sj)eeifying  by  name  are  entitled  to  the  thanks  of  the  Survey. 
The  map  of  Cherokee  county  is  based  upon  one  loaned  the  Sur- 
vev  bv  Messis.  Moore  and  Chick  of  Cherokee,  and  to  Mr.  A.  O. 
Whedon  of  the  same  city  we  are  indebted  for  tlie  negative  from 
which  has  been  prepared  the  illustration  showing  Pilot  Rock. 
Thanks  are  also  due  Mr.  C.  E.  Jacobs  of  Sioux  Rapids  for  many 
favors. 

FORESTRY  NOTES. 

By  the  testimony  of  all  pioneers  the  original  forest  growth  of 
Buena  Vista  was  limited  to  that  part  of  the  valley  of  the  Little 
Sioux  that  falls  within  the  northern  limits  of  the  county.  It  is 
reported  that  in  the  neighborhood  of  Stonn  lake  there  was  not 
a  single  tree,  unless  we  might  perhaps  so  dignify  a  few  willoiw 
bushes  discoverable  near  the  western  end.  When  we  recall  the 
somewhat  abundant  development  of  forest  trees  of  large  size, 
primeval  at  Okoboji  we  are  probably  at  first  surprised  that  no 
such  vegetation  found  similar  development  here.  The  explana- 
tion of  the  situation  is  to  be  sought  in  the  different  topographic 
surroundings  of  the  two  lakes.  The  principal  forest  of  Okoboji 
was  almost  entirely  surrounded  by  water,  and  so  protected  from 
the  fires  of  the  northwest  and  west  as  they  came  in  their  per- 
ennial destruction.  There  is  nothing  at  Stonn  lake  either  in 
the  distribution  of  water  or  in  the  configuration  of  the  land  to 
offer  any  slightest  protection  to  a  growi:li  of  trees.  There  is  but 
one  lake,  and  the  shore  line  is  unifonn,  almost  without  any  inden- 
tations or  bays  excei)t  to  the  west  where  it  is  flanked  by  marshes 
and  here  alone  certain  tree-like  vegetation  is  rei)orted  to  have  been 
found. 

But  in  the  valley  of  the  Little  Sioux  the  case  is  different.  Here 
an  unusual  number  of  forest  species  has  maintained  itself  tlirough 
past  centuries,  and  these  species  are  still  represented  by  beauti- 
ful groves  of  thriftJ^  shaj^ely  young  trees,  the  so-called  second 
growth.  The  trees  ])rimeval,  as  seen  by  the  pioneer,  were,  how- 
ever, much  scattered.  They  were  generally  old  trees  and  although 
as  remarked,  representing  many  si^ecies,  they  yet  fonned  no- 
where a  real  forest.    Today  genuine  forest  conditions  obtain  in 
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many  places.  There  is  a  beautiful  native  grove  near  Sioux  Bap- 
ids;  another,  somewhat  smaller  at  Linn  Grove;  while  around 
the  homestead  of  Mr.  Brooke  in  section  14,  Brooke  town- 
ship, is  one  if  the  finest  native  groves  in  northwest  Iowa. 
The  old  trees  which  attracted  first  the  attention  and  interest  of 
Mr.  Brooke  are  still  standing  (Fig.  59)  surrounded  now  by  hun- 


dreds of  their  descendants  which  fonn  the  densest  kind  of  a  for- 
est down  the  hillside.  On  the  summit  of  the  ridge  above  the  resi- 
d^ice  the  boundary'  between  the  two  floras,  woodland  and  prai- 
rie, is  beautifully  shown. 

It  is  a  curious  fact  that  in  all  these  native  groves  the  bur  oak 
always  occupies  the  outmost  jjost,  forms  the  vanguard,  the  very 
foremost  line.  "WTiere  no  other  persisted  or  withstood  the  onset 
of  fire  and  storm  tliere  stands  the  bur  oak,  gnarled  and  twisted, 
shorn  and  shortened,  it  is  true,  but  still  holding  its  ground  until 
now  that  it  has  passed  under  the  control  of  civilized  man  the 
species  finds  unexpected  relief  and  young  bur  oaks  are  the  char- 
acteristic feature  of  everj-  uncultivated  hillside  along  the  Sionx. 

But  if  forests  are  not  i»art  of  tlie  natural  wealth  of  Buena  Vista 
eonnty,  this  is  no  reason  why  trees  may  not  form  a  conspicuous 
feature  of  the  landscai)e  now.  Some  of  the  finest,  most  woodland- 
looking  groves  in  the  country  are  to  be  seen  today  around  that 

■jGBcp 
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very  Storm  lake,  once  so  bare  arid  wind-swept.  Planted  groves 
adorn  the  whole  country.  In  the  city  of  Stomi  Lake  may  be  seen 
most  of  the  ornamental  varieties  of  shrubs  and  trees  that  have 
place  in  the  most  favored  grounds  in  other  sections  of  the  north- 
ern I'nited  States. 

In  Cherokee  county  very  similar  conditions  marked  the  orig- 
inal valley  and  plain ;  that  is  the  woodland  species  of  plants  were 
sparsely  represented;  in  the  deep  gulches,  on  the  steep  hillsides 
by  the  Little  Sioux  and  in  protected  corners  there  was  here  and 
there  a  tree  or  a  clump  of  arboreous  vegetation,  but  the  wide  area 
of  the  county  was  entirely  treeless.  Today  the  country  might 
almost  be  described  as  well  wooded.  The  original  forest  area 
has  si)read  amazingly,  and  if  not  destroyed  by  the  act  of  man 
would  speedily  cover  all  the  steeper  and  less  valuable  slopes 
along  creek  and  river.  There  is  a  fine  body  of  second  growth 
on  the  east  side  of  the  river  near  Cherokee,  and  patches  of  native 
trees  occur  all  the  way  down,  here  and  there,  to  Washta.  Some 
of  the  primeval  forest  still  stands  in  the  neighborhood  of  Quim- 
by.  Some  planted  groves  on  the  farms  are  also  very  beautiful 
and  have  established  real  forest  conditions.  The  great  trouble 
in  the  whole  situation  is  that  forestry  and  pasturage  cannot  go  on 
together.  If  a  fanner  wishes  to  see  his  grove  thrive  and  do  him 
highest  service  he  will  not  subject  it  to  the  injurious  trampling 
of  herds  of  cattle.  Many  fine  groves  in  noi-them  Iowa  are  now 
being  ruined  in  this  way.  With  the  rapid  occupancy  of  the  more 
fertile  portions  of  our  country  and  the  rapid  destruction  of  our 
native  supi)lies  of  lumber  and  forest  products,  the  time  is  rap- 
idly nearing,  if  not  already  at  hand,  when  the  timber  lot  will  be 
as  valuable  an  adjunct  to  the  well-api:K)inted  fann  as  the  i)asture 
lot.  But  tlie  same  land  cannot  be  used  for  both  purj^oses.  As 
well  attempt  to  raise  corn  in  the  meadow.  If  tlie  fanner  desires 
a  grove  to  shade  and  shelter  liim  and  his  cattle,  to  furnish  him  a 
perennial  supply  of  fuel  and  of  wood  to  be  used  for  all  sorts 
of  purposes  about  the  fann  to  say  nothing  of  the  adornment  of 
his  holding,  he  can  have  it  in  northwestern  Iowa  as  well  as  else- 
where in  the  state,  but  he  must  take  care  of  it,  at  least  to  the 
extent  of  giving  the  trees  a  chance.  Furthermore  the  scant  na- 
tive growth  of  the  counties  we  have  been  studying  is   yet  all- 
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suflScient  to  demonstrate  that  our  fanner  is  bv  no  means  limited 
to  the  familiar  willow  and  box-elder  or  white  maple;  he  may 
plant  all  sorts  of  trees,  ash,  walnut,  oak,  basswood,  besides  those 
forms  ordinarily  used  for  ornament,  such  as  pines  and  larches. 

Since  fire  has  been  eliminated  from  the  i)roblem,  the  great 
enemies  of  the  trees,  enemies  not  under  human  control,  are 
drought  and  the  wind.  The  counties  here  considered  have  shown 
a  remarkable  endurance  under  the  most  tiying  conditions  of 
drought,  and  it  is  a  fact  that  tlie  trees  themselves,  by  their  in- 
creasing numbers,  protect  each  other  from  the  winds,  if  they  do 
not  ameliorate  these  atmospheric  conditions  as  a  whole.  There 
are  those  who  have  lived  long  in  Iowa  who  think  and  believe  that 
tlie  or^cupancy  of  these  prairies  and  the  planting  of  them  with 
trees  in  thousands  ui>on  thousands  has  greatly  changed  our  cli- 
mate. However  this  may  be,  there  is  no  doubt  whatever  of  the 
protection  afforded  locally  to  a  homesteaid  by  a  well  situated,  well 
cared  for  grove  of  trees.  It  is  doubtful  if  the  northwest  prairie 
were  habitable,  at  least  by  enlightened  people,  without  the  aid 
and  assistance  brought  by  i)lantations  of  trees. 

The  native  woody  plants  of  Cherokee  and  Buena  Vista  coun- 
ties, so  far  as  noted,  are  as  follows : 

Tilia  americana  Linn.    Basswood  or  Linden. 

A  most  valuable  and  hardy  tree ;  a  rapid  grower,  beautiful  and 
clean.  A  fine  shade  tree  nor  less  desirable  in  the  grove  where  its 
habit  of  stooling,  or  branching  from  the  base  makes  it  valuable 
as  a  windbreak.  The  flowers  are  beautiful  and  odorous  and 
famous  for  bees,  yielding  a  })referred  variety  of  limpid  honey. 
This  tree  is  native  to  the  banks  of  the  Little  Sioux  and  even  of 
Mill  creek.  Large  trees  are  reported  to  have  been  sawed  into 
lumber  by  the  pioneer.  The  lumber  is  soft,  strong,  but  straight- 
grained  and  very  easy  to  work. 

Xanthoxylon  amencanum  Mill.    Prickly  Ash. 

A  very  hardy,  quick-growing  ornamental  shrub,  easily  trans- 
planti^d,  with  spicy  leaves  and  twigs,  small  early  flowers  followed 
in  August  by  bright,  red,  berry-like  fruit  which  i)resently  breaks 
open,  revealing  in  each  fruit  a  pair  of  shining  black  seeds.  Veiy 
conunon  along  the  valley  of  the  river  in  undisturbed  bottom 
lands.    Valuable  only  for  ornament. 
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Acer  saccharinum  Linn.     Acer  dasycarpum  Ehrhart  and  of 
the  books  generally.    Common  soft  Maple  or  White  Maple. 

Eveiywhere  planted  for  shelter  and  for  groves  and  now  prob- 
ably indigenous  in  both  counties  along  the  river  bottoms  above 
the  dam  at  Sioux  Rapids,  etc.  A  most  valuable  tree  and  one  of 
the  best  servants  and  friends  of  the  fanner  and  the  pioneer,  de- 
serves a  place  in  the  Hall  of  Fame  of  all  the  valley  states.  It 
grows  rapidly,  endures  abuse  of  every  sort,  shades  and  shel- 
ters the  homes  of  men  and  offers  convenient  covert  to  the  herds 
and  flocks.  Nor  less  has  this  tree  especially  been  of  service  to 
our  friends,  the  population  of  the  air.  Robins  and  thrushes  fre- 
quent the  maple  groves  and  build  their  nests  in  regions  that  only 
recently  knew  them  not.  Nay  more,  tlie  present  writer  saw  a 
company  of  bluebirds,  in  this  year  of  grace  1902,  sunning  them- 
selves on  the  leafless  branches  of  the  maples  of  a  farm  in  north- 
em  O'Brien  county.  People  farther  south  and  east  think  them- 
selves privileged  to  see  and  hear  these  beautiful  American  birds, 
and  the  farmers  of  the  northwest  have  reason  to  congratulate 
themselves  that  their  tree  planting  offers  an  inviting  summer 
residence  to  our  choicest  and  most  industrious  and  beneficent 
birds  of  song. 

Acer  negundo  Linn.    Box  Elder. 

This  exceedingly  useful  and  common  tree  is  happily  native  to 
all  the  northwest.  Planted  as  a  windbreak  and  for  shade  this 
tree  has  done  its  part  in  making  the  country.  It  is  not  desirable 
as  a  street  tree,  but  as  a  starter,  as  a  nurse  in  the  planting  of  other 
species,  it  is  invaluable. 

Rhus  glabra  Linn.    Sumac. 

This  is  the  common  sumac  of  all  our  northern  woods.  It  is 
useful  as  an  ornamental  plant  only.  Its  curious  flowers,  its 
bunches  of  deep  red  fruit,  and  above  all,  its  glowing  autumnal 
foliage,  make  it  well  worthy  of  preservation  and  of  consideration 
in  the  planting  of  grove  and  lawn.  It  spreads  rapidly  from  the 
roots  and  from  a  single  shoot  will  soon  cover  a  hillside  if  left  to 
itself.  The  plant  is  not  poisonous,  as  many  i^eople  suppose.  The 
poison  sumac  is  quite  a  different  thing.  It  is  likely  to  be  found 
everywhere,  although  no  native  specimens  were  observed ;  but  it 
has  been  scattered  by  birds  and  other  animals  far  and  wide  and 
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jbIes  ti  Hat  utrtL    i  mer  rCKdy  >r  B^somirm^ui^  b^  tkr  tlv^sw- 
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filftpHnT  nffTT^e  srouHfir.  iin:  7%cii«ifa)/a2x.  V3":i  ^y^  iM^ft^fes  4^^  Y'Cr^ 
dpfiinr  ir  aii.ufHT  dtzi  urot  fnni  jfj«-  xruw  cc  H^  ^iini^  $:t^v^ 

is  in  erery  vex  voriiy  c«f  preservstjo-r^  *!^ivio  frv'^r,  t)^^  T;ftYv^  5^1 

its  viid  sr^itTT'  fmii. 

A  Dot  izifre-^Thent  linie  tree  in  the  iiiiliw  in\>\>>?^  >>>^  ;^>h^  ^^^>m^ 
the  SioiiL  Usefnl  \yfilT  as  an  oman-JoiitsU  triw  :^it>tv  it  <ri>x^  ^'^l 
in  spring  raiLer  showy  dusters  of  vliite  tV>\>vr^  ^^mw^Ksi  Ul^v 
on  by  abiin<iancie  of  shiny  black  fniiu  the  doli^id^t  ^^f  biixi?^. 

Prunus  seroi'uiQ  Ehr.    Wild  Chorrw 

Thi^  occurs  sfiaringly  along  the  river  in  s^^vei^l  plH\>vi.    \\  ^\^ 
pears  also  not  infretinently  in  gn>vi>5i,  lluv^^  Unv*j:  ^M^^  j^U*^nUsl 
oflFering  opportunity  for  this  and  all  sorts  of  sjHvi^v^  wlhwo  ?^>^sl?^ 
may  be  carried  by  birds.     A  valuablo  Hw  for  hnnK^^  ,*uhl  of 
rather  rapid  growth. 

Pyrus  ioivensis  Wood.    Crab  Apv>U\    Iowa  t'nib  AppUv 

Common  along  streams  and  gn>wing  in  thlokots  o\on  by  Ibo 
roadside  everywhere.  One  of  Uie  nu>8t  iHmntifnl  orninnouli^l 
plants  we  have.  Its  disposition  to  si>rinK  up  fn>n^  tho  nu>t  |nvj 
udices  the  farmer  sometimes  against  it,  but  aflor  all  H  W  oanlly 
controlled  and  with  its  prolific  bloom  in  tho  mv\y  y\H\v  it  iH^^liiluly 
makes  amends  for  all  the  trouble  it  costs. 

Craiegus  coccinea  Linn.     Hawthorne,  Ui»d  llaw. 

This  species  was  noted  near  C'herokoo  and  d(Uihll<»HH  oimmitn  all 


350        GEOLOGIC    OF    CHEROKEE   AND   BUENA   VISTA   COUNTIES. 

along  the  river  and  is  to  be  commended  in  much  the  same  way 
as  the  last. 

Symphoricarpus  occidenialis  Link.    Wolf  Berry. 

This  is  a  clean  little  shnib  growing  in  the  shady  woods  and 
by  the  borders  of  tliickets  everywhere  near  the  stream.  It  has 
very  handsome  and  showy  clusters  of  flowers  that  come  in  July 
and  continue  blooming  for  some  weeks.  In  the  fall  come  the 
snow  berries,  an  attractive  finiit  hanging  on  the  shrub  often  long 
after  the  leaves  have  fallen. 

Samhucus  canadensis  Linn. 

Not  common.  Escaped  from  cultivation  here  and  tliere.  Found 
in  some  places  in  gardens  where  the  fruit  is  appreciated. 

Viburntim  lentago  Linn.    Black  Haw. 

Rare  along  the  river.  Reported  from  several  points  but  not 
observed.  A  handsome  little  tree,  useful  for  decorative  pur- 
poses and  in  gi'eat  pojitular  esteem  for  its  x>eculiar  fruit. 

Fraxinns  americana  Linn.     White  Ash. 

Native  to  both  countries  and  everywhere  commonly  planted. 
One  of  our  finest  forest  trees;  clean,  hardy,  making  a  pleasant 
grove  and  furnishing  excellent  timber  for  all  sorts  of  uses  as 
well  as  the  best  of  fuel.  It  should  be  more  extensively  planted; 
doubtless  would  be  were  it  not  that  it  grows  more  slowly  than 
some  other  species  and  wearies  thus  the  patience  of  the  average 
planter.  But  there  is  no  reason  why  such  trees  should  not  now 
supplant  the  cheaper  and  less  desirable  varieties. 

JJlmus  americana  Linn.    American  Elm.    Common  White  Elm. 

This  is  another  common  and  hardy  species.  There  is  one  tj^p- 
ical  specimen  of  this  tree  just  north  of  Sioux  Rapids  that  is  as 
fine  as  any  elm  in  Iowa.  Most  si>ecimens  noted  were  low  and 
spreading;  that  just  cited  is  tall  and  graceful  and  in  every  way 
one  of  the  finest  of  its  class.  The  elm  is  our  street  tree;  no  other 
comes  near  it  for  such  i)uri)ose.  With  the  progress  of  the  years 
the  long  limbs  sometimes  meet  above  the  street  and  oflPer  to  the 
fortunate  passer-by  a  perfect  Gothic  arch  of  leafy  symmetry. 

Uhnus  fiilva  Michaux.    Slippery  Elm. 

Reported  as  occurring  along  the  river  in  botli  counties.  Said 
to  have  been  at  one  time  abundant  near  Quimby.  A  fine  tree 
but  not  nearly  so  valuable  as  its  kindred  species.    The  bark  is 
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reputed  to  possess  medicinal  proijerties  and  doubtlc^)^^  liuh  iU 
uses  in  domestic  medicine.  Its  wood  when  drU^l  in  wintx^r  Im 
said  to  be  among  the  best  for  fencing,  but  we  muKt  liHva  n^HiM^^d 
to  the  time  of  cutting  and  curing. 

Juglans  nigra  Linn.    Bhick  Walnut. 

This  most  valuable  of  all  native  trees  is  forturiatt^lv  ajn^*  tmiiv^ 
of  the  counties  of  northwestern  Iowa.  KjM^cimenh  niay  }m^  m^h 
in  the  ravines  north  of  Sioux  Ka[>ids  and  large  trw^K  are  ref^jrU^ 
as  once  not  rare  along  the  bluffs  throughout  ("herok^^^  /rouiity. 
Trees  are  easily  reared  from  the  see^l  and  tlw^y  grow  at  frrnt  wjtij 
surprising  rapidity  in  our  prairie  s^^ili^.  They  are  not  g'>^>l,  Im/h'- 
ever,  when  pla^eied  alone;  they  mu>>t  Ut  in  f^rovt^H  and  jAauU^^i 
with  other  trees  at  least  for  ti^jum  yearn.  TheM^  nur^^  tr<^f>$  i/iay 
later  on  be  cut  out  when  forest  r^jnditions  liave  Ix^^n  on^'/f  i^iaij- 
lished.  It  is  a  wonder  that  more  attention  in  not  given  in  nortii- 
em  Iowa  to  the  cultivation  of  thi>!i  tree.  It  In  douMlehJ^  a  fel^/ir 
crop,  but  is  oertainly  sure  and  injmen>»^fiy  r^fisiutUirHir/if,  in 
twent7v--five  yean^  a  crop  of  walnut  tre><!r>j  will  j/ay  an  enonn'/tw 
interest-  The  grove  of  Senat/>r  Whiting  at  Monoiia  and  tJiat  of 
Mr.  .Tallies  Brown  in  Battle  t/^wji>i]jjp  of  i^Ja  ^'/>unty  are  fms^/ws, 

C<n  ua  am^jra  NuttaJL     Pi^  Nut,     ijhUir  SuL 

This  is  the  onJv  hickon'  JMAif^l  in  the  northwe>:t.  h  '>'><uri< 
on  tiitr  wood-covered  b\ojjtf^  aJojig  ti^  riv^r  n^/t  un^^/jnnionly. 
The  t^ee  is  worthy  a  pla^:je  in  our  Ji»^t  of  tree*?  V>  U'  ^:arerj  f^/r; 
it5  wor#d.  tliOugL  not  »y>  vaiua*/>e  a^  tiiat  of  the  ►Jj^^JJ  f-rark  hi^'k- 
OTv^  it  vet  of  irood  ouaJitv  and  i>^  one  of  tiie  feu'  iiard  wy^J>^  i^r*' 
avaijal-ie.  Uf»efuj  for  Vy/I  linudx^  and  for  aiJ  j^urf^^^h  wl^^ri* 
fXT^fiiifX  aiid  i/.'iidity  i*?  deiiianded- 

Ci-rmni   am^ri/yjiid   Wa:t.  Jiaz/^L     .^55jerj<:aij   iJaxei, 

C*<*iLJnoL  wherever  tiiere  ii;  nativir  m'^yyjiand,  'Ji**-  ii^zej  j>:  a 
natnr^  imrwr  for  ^XJuer  frpe*,^jefe.  Jt  ^>:^'Upie^  tne  i^jr^i^r  of  tiie 
«xisiinr  wood*--  iiOid*^  tne  t-iiow  auijd  it*  hief^der  lwi^>',  and  h^j 
gjr^*  li*e  ^j^^^r-Tty^  uf  thif  oai:  ajnd  otnej  fonssPt  j/n/U^^joii  ;/t  tiiiiett 
eriti^-  A  j*iea*iaix:  iltt**-  oui^^L  inu'^i.  aj^pre^^iaVif^J  by  ♦^^n^  of 
BomjG  mind  and  tyyjv  and  wortLv  *>f  pfewrria^ion  f^/r  thi^  rean^/n 
if  for  iio  otiier. 

O^Ttr^Q  T  x^Qi9uu9t(^  WiL6en'.»w.    j5t/L«mvo4- 
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A  valuable  little  tree  of  slow  growth  and  exceedingly  hard 
texture,  as  the  popular  name  implies.  Not  uncommon  along 
the  river  and  on  the  steep  banks  of  Wild  creek.  The  wood  is  of 
use  in  the  same  way  as  is  that  of  the  hickory. 

Populus  deltoidea  Marshall.     Cottonwood. 

This  is  the  universal  tree  of  all  tlie  prairie  country,  east  or 
west.  This  tree  is  certainly  chief  accessory  before  and  in  the 
fact,  to  all  that  has  been  done  or  attempted  under  the  United 
States  ** timber  claim"  laws.  Scarcely  ever  was  any  other  spe- 
cies selected  to  meet  the  conditions  of  that  law.  Under  the  tim- 
ber laws  of  our  own  state  the  tree  also  bore  an  important  part, 
and  many  a  fragmentary  plantation  is  still  in  evidence  to  cer- 
tify to  the  stimulating  effect  of  all  this  economic  legislation.  The 
fact  is  the  cottonwood  is  fine  for  certain  uses.  It  grows  with 
great  rapidity,  is  hardy,  enduring  winter's  cold  and  summer's 
drought  and  heat,  but  it  does  not  make  good  plantations.  It  may 
be  used  around  the  outside,  esi^ecially  to  the  east  or  west,  but 
does  not  do  well  in  the  center.  There  are  beautiful  rows  of  cot-  • 
tonwoods  in  all  parts  of  both  counties  here  described. 

Quercus  macrocarpa  IMichaux.     Bur  Oak. 

This  is  the  oak  of  all  northwestern  Iowa.  It  occurs  in  all 
forms  and  of  all  shapes  and  sizes.  It  is  the  common  ** scrub"  of 
the  gulches  and  ravines  where  trees  a  yard  in  height  may  be 
found  in  full  fruit,  nor  less  is  it  the  famous  tree  of  the  pioneer 
to  which  he  was  indebted  for  lumber  and  for  wood.  Mr.  Brooke 
has  some  fine  specimens  of  the  old  trees  near  his  home  in  Brooke 
township,  Buena  Vista  county.  Our  illustration  (Fig.  59)  ^hows 
some  of  these. 

Quercus  rubra  Linn.    Red  Oak. 

This  is  the  only  oak  beside  the  bur  oak  so  far  noticed  in  this 

portion  of  the  state.    It  is  not  infrequent  along  the  banks  of  the 

river  at  Sioux  Rapids,  Linn  Grove,  Cherokee,  etc.     The  speci- 
mens noted  are  all  of  small  size  and  useful  for  fuel  only.    This 

species  comes  up  well  from  the  stump  if  the  trees  be  cut  in  win- 
ter, and  is  valuable  where  it  is  desirable  to   keep  a   perpetual 
grove  of  growing  forest  which  shall  yield  constant  supplies  of 
second  growth  wood. 
Juniperus  virginiiina  Linn.    Red  Cedar.    Cedar.    Juniper. 
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I'his  is  the  only  native  conifer  of  northwestern  Iowa.  It  is 
said  to  have  been  once  common  near  Cherokee,  along  the  bluffy 
banks  of  the  river,  but  it  has  certainly  largely,  if  not  entirely, 
disappeared.  In  time  the  tree  reaches,  even  in  this  prairie  coun- 
try, considerable  size,  but  its  chief  value  lies  in  its  desiiability 
as  an  ornamental  tree  for  the  lawn  or  door\  ard.  It  endures  shade 
much  better  than  evergreens  generally  and  is  a  favorite  on  the 
farms.  Makes  fairly  good  windbreaks  and  can  be  used  along 
the  north  side  of  the  grove  or  j^lantation  where  the  lack  of  light 
and  sun  in  no  wise  inconunodes  it. 

Besides  the  species  here  enumerated  by  name,  there  are  sev- 
eral species  of  willow,  some  certainly  native,  which  have  not  been 
with  certaintv  identified.  Mention  has  not  l>een  made  either  of 
many  introduced  trees  planted  in  many  parts  of  these  counties, 
mulberries,  poplars,  fruit-trees  of  all  sorts,  whi(.*h  api>ear  to 
thrive  here  as  well  as  in  some  other  portions  of  Iowa.  I'lie  usual 
conifei's  also  are  here  planted  with  good  effect,  and  there  seems 
no  reason  why  the  people  of  these  <yjunti<^  luay  not  have  the 
advantage  of  the  use  of  all  or  nearly  all  the  arl>i>re^>us  sjK^cies 
that  are  found  commonly  capable  of  enduring  tlj(*  sorn(;what  try- 
ing and  inhospitable  climate  of  this  state. 
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INTRODUCTION. 

AREA  AND  LOCATION. 

Jefferson  county  comprises  an  area  of  432  square  miles.  It 
lies  in  the  southeastern  \>art  of  the  state,  extending  to  within 
thirty-six  miles  of  the  Mississi})})i  river  and  to  within  twenty 
miles  of  the  Missouri  line.  It  includes  all  of  ranges  eight,  nine, 
ten  and  eleven  west  of  the  fifth  i)rincii)al  meridian  and  all  of 
townships  seventy-one,  seventy-two  and  seventy-three  north.  On 
the  east  it  is  bounded  by  Henry  county,  on   the   south   by  Van 
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Bureu,  on  the  west  by  Wapello,  and  on  the  north  by  Keokuk  and 
Washington  counties,  being  included  in  a  rectangle  measuring 
twenty-four  miles  from  east  to  west  and  eighteen  miles  from 
north  to  south.  ^ 

EARLIER  INVESTIGATIONS. 

The  geologists  who  have  previously  made  a  study  of  the  for- 
mations ex|X)sed  in  this  county  are  A.  H.  Worthen,  who  made  a 
rapid  survey  of  the  region  in  the  suimner  of  1857*,  and  Prof. 
C.  A.  White,  who  was  State  Geologist  ten  yeaj*s  later.f  Not 
being  traversed  by  any  of  the  larger  streams,  to  which  the  atten- 
tion of  these  earlv  survevs  wiis  necessarily  mainlv  directed,  the 
field  was  not  as  closelv  studied  here  as  in  some  other  counties, 
and  the  published  reports  were  very  brief,  giving  only  the  main 
features.  More  data,  bearing  esi^ecially  on  the  production  of 
coal,  were  lately  obtained  and  published  by  0.  R.  Keyes  in  the 
volumes  of  the  present  surN-ey.J  Recently  Mr.  Frank  Lever- 
ett  has  described  and  explained  the  significance  of  a  high  terrace 
which  occurs  along  the  Skunk  river  in  the  northeast  fiart  of  the 
countv'.§ 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  ruling  feature  in  the  tojiography  of  the  county  is  the  sur- 
face of  an  old  drift  plain,  which  has  an  average  elevation  for 
the  whole  area  of  about  770  feet  alx>ve  sea  level.  It  has  a  general 
slope  to  the  south  of  about  two  f(*et  i)er  mile,  and  to  the  east  of 
nearly  three  feet  i>er  mile,  while  from  tlie  northwest  to  the  south- 
east its  general  des<*ent  is  about  five  feet  to  the  mile.  This  drift 
plain  is  the  result  of  the  dejxjsition  of  the  bowlder  clay  by  exten- 
sive inland  ice  fields.  It  is  far  from  being  in  its  original  condi- 
tion. The  long  c-ontinue<l  action  of  erosion  subse^^uent  \o  the 
disaj)ix-a ranee  of  the  ice  lias  greatly  cliange<l  its  original  as|>er't. 
River^^,  creeks  and  smaller  tributary  streams  liave  sunk  their 
valleys  and  gullies  into  it  until  their  lx?ds  now  lie  from  5^»  U)  15^> 


*  Wortber;  Geolorj  of  lova:  James  liaJl.  Vol.  I,  pp.  sSf-sjQ.  iM' 

tWfaitr:  Secood  AsooaJ  Ke(K»rt  Sute  Ge>lorist,    pp.   94'96«    dM;  alto  Gerioff  of    !•«»«  V#J 

11.  p   273,  »^- 
t  Keyes;  lava  Geol.  Surr  .  \o\.  I.  p.   i-kt,  al«o  Vol.  IL,  pp.  y^ynoeL 
SLeverett;  MooograpL  XXXVHl^  U.  S.  Geol.  Swv.,  p.  92. 
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feet  below  its  surface.  Much  of  its  surface,  especially  such  parts 
as  have  not  suffered  erosion,  has  later  been  buried  by  a  covering 
of  loess,  varying  in  depth  from  eight  to  sixteen  feet.  In  this 
modified  condition  the  laad  now  presents  various  topographic 
features,  which  may  be  classified  as :  (1)  flat  uplands;  (2)  upland 
slopes;  (3)  terraces;  and,  (4)  bottom  lands. 

The  Flat  Uplands.— lihe  flat  uplands  are  such  parts  of  the 
original  drift  plain  as  have  not  yet  been  perceptibly  affected  by 
erosion  through  the  ba^cking  up  of  the  drainage  lines  and  drain- 
age slopes.  They  lie  between  these,  forming  the  divides,  and 
their  borders  run  into  the  sloi)es.  Except  in  a  few  places  near 
some  of  the  headwaters  of  the  longest  tributaries  to  the  larger 
streams,  this  border  is  quite  well  marl^ed  by  a  gradual  but  well 
marked  change  in  slope  from  usually  less  than  fifty  feet  in  a 
mile  on  the  upland  plain  to  several  or  many  times  this  amount 
in  the  slopes  leading  down  into  the  smallest  drainage  branches. 
Midway  between  two  adjacent  drainage  basins  the  upland  flats 
are  nearly  or  quite  level  except  for  the  general  tilting  of  the 
whole  i)lain,  but  as  wo  approach  the  drainage  lines  on  either  side 
there  is  usually  a  slight,  almost  imperceptible  slope.  In  the 
direction  of  the  larger  streams  this  slope  seldom  amounts  to  more 
than  ten  feet  per  mile,  but  on  the  sides  of  those  strips  of  upland 
which  extend  from  the  main  divides  to  form  the  divides  separat- 
ing the  smaller  ravines,  it  is  frecjuently  more. 

The  surface  of  these  uplands  is  otherwise  notably  flat  and 
even.  It  is  highest  above  the  headwaters  of  the  longest  streams, 
and  its  lowest  stretches  often  appear  in  places  where  streams 
join.  But  all  of  these  differences  in  elevation  are  invariably 
very  gentle  and  gradual.  Only  a  single  instance  of  a  mound- 
like elevation  on  the  uplands  was  noted  in  the  course  of  the  sur- 
vey. This  is  a  little  north  of  the  center  of  section  7  in  Liberty 
townslii}),  about  three-quarters  of  a  mile  northwest  of  Liberty- 
ville.  At  this  place  the  surf  ape  has  a  rather  well  marked  bulge 
of  ten  or  fifteen  feet  above  the  general  level.  This  elevated  tract 
covers  an  area  of  some  forty  acres.  Shallow  depressions  are 
somewhat  more  comjuon  along  the  highest  lines  of  the  widest 
divides  and  these  may  have  an  area  of  from  a  fraction  of  an  acre 
to  several  acres. 
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Estimates  made  on  the  several  townnhiim  f^ive  aw  avovMK<*  of 
from  one-fourth  to  one-fifth  of  the  toUil  an»n  of  the  roiiiily  t4) 
the  flat  uplands.  They  aire  most  extensive  in  Polk,  Mliirl<  lliiwl< 
and  Des  Moines  townships  and  have  be(»n  mont  extiMinively  In- 
vaded by  the  creeks  in  Walnut,  L(M*kridKe  arul  Lornnt  drove,  hi 
Polk  township  there  are  entire  tnuits  wlii<^h  are  a  mile  wide,  hut 
otherwise  the  habit  of  the  flats  is  to  form  stripH  from  twenty  nnln 
to  half  a  mile  in  width  between  the  streamn.  Kour  flftlm  of  tlielr 
whole  extent  in  this  cx>unty  is  In^lieved  to  eofiHint  of  Hueli  Ntri)m, 
In  not  a  few  instances  these  rem'li  far  out  from  the  main  dividi^M 
and  terminate  in  the  very  bluffs  of  tlie  main  HtreafriN,  In  JefT^f' 
son  county  this  is  perhaps  nrost  common  on  the  noui\t  nUU^  (ft 
Cedar  river. 

The  Upland  Slopes.— T\u^  upland  h\o]h^  extimd  fr^mi  itw  niti 
nous  margins  of  the  flats  down  to  the  tiotUnn^  of  the  p'ir^jtwn. 
They  occupy  the  greater  part  of  the  nurffwe  of  the  i'jtmuVy.  'Hi^ 
greatest  pitch  of  these  sloj^es  [>revailH  in  \Au(*i^  wUt^r^.  tUp  \nrf(^ 
streams  have  encroar^herl  ujKiU  the  ufilandn  by  widetiin^  tb^  Ufir- 
torn  lands.  Kecent  instances  of  i^appinK  are  hffW*rv$ff  t\m\M 
scarce^  especially  in  lAacen  where  the  ntrefifuH  fio  tuA  (mi  tft4(fW 
the  base  of  the  drift  The  meanden^  of  5^/rn#f  of  the  Ihtk^  nir^ftm 
may  be  foilowerl  for  .several  mibr?^  wilborjt  /'//rnin^  Up  ^  plf^'^. 
where  the  bluffs  are  now  l^ieing  att.a/'kef|  n^p  hh  Up  ^>cj;^/«^  fr^mh 
drift.  The  width  of  the  r^lojpen  in  m/mt  f^nutn^mly  ttMu  M^^ 
eighth  to  one-half  mile  and  the  (Ui^^pud  Ia  fr^nu  '/>  Up  J'/i  f^^. 
The  latter  height  w  attained!  in  ^pffi^r  pla/^^  in  W»lrmf  U/wr^ 
riiip  along  the  tributarie^i  w  Hknnk  t'lv^  Ht^\  \u  fii^  ^i^fnihw^^. 
port  of  Des  Moines*  tfj^Trrmhip  aj*pr<>^'hing  the  Im?<  M^au^^  rr/*r. 
The  slopes  of  lea^t  reiief  <y^-mr  aJ^mg  fhe  hejvhr;ifAr«  fpi  f  h^e  U^M(r 
est  tributaries  to  the  Uirzf-r  ^tcf-xra^.  The  g^r^f^mf.  p;M^  m 
fleariy  alway.^  .-Hitnewhat  h^elo^  the  mi/'Wle  f4  the  ^i/j^,  f>!k/w 
dds  tie  ilope  ermtinTieM  dr/grrtward  in  a  /mr^e  h^j^^Ag  a.  ft^fs0^4^. 
e,  and  above.  :t  mn»  in  a  f'^Ti*^,  whieh  ha«  a  ^i^i^e^'m^t  e^r- 
a^fivex  prodie,  F^^lr#wing  the  MtppM^  in  the  dir^*»tiAn  6f 
diexr  ^ngotT  ex^OHion.  on  fh^  ^ide«  <^>f  *he  i9^^r  w^4.  ir^  fcwf 
&at  they  form  an  *>ndi»«i«  4iv*wM«ion  of  lA^|><f  ^r(ui  'tn^cp*  ^efer- 
miBed  by  the  *»ft*ir*^  '^f  the  iar^pf*r  <fr<»«mii,  /nr^^kii  ;in4  f^ie  .>if;- 
BuOe  hraoefaes  of  all  their  aAtsienfit    ft  !«i  evWtent  flw^  ti^  4iAi>e^ 
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to  less  than  seventy-five  feet  below  the  same  uplands  in  case  of 
the  narrow  alluvial  tracts  following  the  smaller  divisions  of 
their  tributaries.  The  bottom  lands  of  Skunk  river  average  a 
little  more  than  a  mile  in  width,  being  broadest  just  above  the 
mouth  of  Walnut  creek  where  they  reach  a  mile  and  a  half  from 
bluff  to  bluff.  They  have  an  elevation  of  about  585  feet  above  sea 
level,  sloping  south  about  two  feet  per  mile.  The  flood  plain  of 
Cedar  creek  varies  greatly  in  width.  In  Round  Prairie  and  in 
the  east  half  of  Cedar  township  it  is  narrow  and  at  times  entirely 
absent.  The  stream  winds  along  in  a  rocky  canyon  with  walls 
from  forty  to  seventy  feet  high  and  from  a  few  rods  to  perhaps 
one-fourth  of  a  mile  apart.  Above  the  mouth  of  Crow  creek  it 
widens  out  and  for  the  next  five  miles  maintains  a  width  of  from 
half  a  mile  to  a  mile.  Then  for  about  three  miles  within  the  boun- 
daries of  Fairfield  township  it  narrows  to  half  a  mile.  Above  this 
it  again  widens  to  about  three-fourths  of  a  mile  and  more  ,in  the 
east  half  of  Locust  Grove  township.  For  the  remaining  four  miles 
of  its  course  in  this  county  it  is  mostly  less  than  a  quarter  of  a  mile 
wide.  Examining  the  material  on  which  the  work  of  erosion 
has  been  i>erformed  by  this  stream  we  find  that  the  width  of  its 
bottoms  corresponds  inversely  to  the  hardness  of  the  materials 
on  which  it  has  had  to  work.  In  the  region  of  the  limestone  the 
bottoms  are  narrow  or  none.  In  the  region  where  the  Coal  Meas- 
ure shales  and  limestones  have  been  worked  upon  the  width  is 
from  one-fourth  to  one-half  mile,  and  where  there  is  only  drift 
the  bottoms  widen  out  to  as  much  as  a  mile.  The  elevation  of 
the  Cedar  creek  flood  plain  is  about  685  feet  above  sea  level  at 
the  west  boundary  of  the  county  and  about  620  feet  below  the 
mouth  of  Rock  creek  on  the  south  boundary.  The  bottoms  of 
the  smaller  streams,  such  as  Walnut  creek  and  its  branches,  Tur- 
.  key.  Brush,  Wolf,  Rock  and  Crow  creeks,  the  two  Comi>etine 
creeks,  Black  creek  and  Lick  creek  average  at  least  an  eighth  of 
a  mile  in  width  and  sometimes  expand  to  twice  this  measure, 
vanishing  only  within  a  mile  or  so  of  the  ultimate  sources  of  the 
streams.  The  habit  of  contracting  in  places  where  the  channel 
goes  below  the  surface  of  the  bed  rock  is  in  their  c^se  even  more 
conspicuous.  It  is  universal  and  the  writer  has  not  observed  a 
single  exceptipii  to  the  rule  that  the  bottoms  are  narrow  in  places 
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where  outcrops  of  bed  rock  occur,  and  wide  where  the  l)hiffH  are 
composed  of  drift  all  the  way  down.  The  extent  of  the  contrmj- 
tion  of  the  valleys  is  usually  proportionate  to  the  rine  of  tlu!  nj<?k. 
.The  higher  this  lies  the  more  narrow  the  valley,  and  where  thi5 
valleys  dilate  farthest  it  is  useless  to  l(K>k  for  good  expoHuntw  of 
the  country  rock. 

DRAINAGE. 

The  drainage  bears  everj'where  the  mark  of  nuiturity  and  ha;4 
suffered  no  recent  changes.  The  larger  streaniH  probably  fol- 
low drainage  lines  existing  before  the  drift  wa«  laid  down,  T\ui 
courses  of  the  minor  stream  have  evidently  lx*en  (^Htablinhed  nub 
sequent  to  the  time  of  the  ice  invasions.  Alxiut  fifty  Hnuuro, 
miles  of  the  area  of  the  county  drain  inU)  the  lUtn  Moin^fH  Hyatetn, 
The  remaining  382  square  miles  lielong  U)  the  Kkunk  river  nyu- 
tem  and  is  divided  among  its  several  tributari^fS  hh  fojlown: 

Cedar  cre*fk  basin    \^$ 

Walnut   cT€*k   l^asin    %1 

Brash  cnE^-k  baein   Vi 

Other  ba£in£    V$ 

The  Cedar  creek  bai^in  averagej^  H^/ine  twelvi>  iu\Uf%  in  width 
and  extends  through  the  south  j/art  of  the  ttfrnniy  from  w^^V 
northwest  to  ea-stftoutljeaijt.  rea/rhing  aesirly  Uj  i\ih  t^priUw^mi 
comer.  Its  north  tributaries?  rea/-h  out  from  five  Up  ei|0it  miUfk. 
while  tho&e  on  tije  j?^^uth  m^le  drain  a  i>trip  only  aU/ut  tbn^je  or 
four  miles  wide.  M'^t  of  tJie  humller  dmitiHice  ijwtitm  ur^  Jik^ 
wise  f'ionCTted  in  form  and  tii^ir  ]oixz*tr  aic^^  hav^  ti^t  tofctf/j^  jc^r; 
era]  trend.  Tbe  ei/^ef^tion*  t/>  thi*  ruUt  ^i^Hmh^  of  teot/i^r  ipcujtiu^ 
which  drain  iiiOre  ijeariy  eith^  SM/tih  or  ^mXh.  Th^^JM?  ^r^  Jk** 
€4oiigal<Hd  m  f/uxliiMf  aiid  Wi  a  ^ifpii^i0^iwfsj^*i  tJb^  }/ra#>fli^^  of  iimr 
ereete  spread  ii>oi>.  Sxi^rij  are  ti^e  tributaries  t/>  tije  l>efc  M-oifi*-* 
river  in  tbe  i/^iitiiwesl  jjcirl  of  tii^  ^y/uuty  ;8a*d  ;aJJ  ti^  witaJWr  trib- 
utaries to  ^/-t^dar  -^^T^iek- 

The  iaiid  ih  at  f*j*5*!«eiit  aJiiy^it^  fn'er>'»'ii*ere  w^JJ  draii^ji  Ti*^ 
oohr  ejLfjffin^'Mih  *jf>ii^h<i  of  *//iiie  f*^'  tra^^l*  '^  >/!•'  }/'.4)U,^!Uj  iaA^d 
and  fcic*iiie  wiaLw  'iej.'re^^^/ju*  oii  tiue  »'i«i<^  U}/Jaju4  flalit.  ;aJi»5«*dy 
referred  Vx  IVfc»jv  lii^  iajud  ».a^  br^/ujdul  us^^itfT  ^yMir:^j%i  tije*^ 
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shallow  depressions  on  the  uplands  were  partly  filled  with  watel- 
after  rains  and  tliis  sometimes  stood  for  an  entire  season.  These 

pools  were  sought  by  the  hunters,  in  the  pioneer  days,  for  geese 
and  ducks.  Some  were  conspicuous  enough  to  receive  local 
names.  ** Devil's  Lake"  covered  at  times  a  few  acres  a  little 
east  of  tlie  center  of  the  southwest  quarter  of  section  20  in  Polk 
township.  Other  ponds  occurred  in  the  southwest  quarter  of  sec- 
tion 12  and  in  section  13  in  the  same  township,  in  the  northeast 
quarter  of  section  32  in  Black  Hawk  township,  and  in  the  south- 
west quarter  of  section  12  and  the  northeast  quarter  of  section 
2  in  Fairfield  township.  At  that  time  the  uplands  were  less  well 
drained  than  at  present,  and  where  we  now  find  the  best  farms 
the  land  was  at  first  regarded  as  being  too  wet  for  agricultural 
purposes.  Most  or  all  of  the  rainfall  was  then,  as  it  is  now,  ab- 
sorbed by  the  ground  or  evaporated,  the  surface  slope  being  too 
small  to  drain  it  off,  before  it  has  time  to  be  taken  up  by  the  por- 
ous loess  soil.  It  escapes  from  there  only  by  slow  seepage  and 
by  evaporation. 

TABLE  OF  ELEVATIONS. 


STATION. 


ALTITUDE. 


Batayia.  C,  B.  &  Q.  (new  grade),  b 

Beckwith,  C,  B.  &  Q..  a 

Cedar  bridge,  C,  B.  &  Q  R  R.,  c 

Cedar  bridge,  C,  R.  1.  &  P.  R.  R  ,  c 

County  Line,  C,  R  I.  &  P.  R.  R  ,  c 

Fairfield,  C.  B.  &  Q  R.  R.  (new  grade),  b 

Glendale,  C,  B.  &  Q  R.  R,  a 

Highest  point  C  ,  R  I  &  P.  R  R  ,  c 

Krum.  C  .  B.  &  Q  R.  R.  (abandoned  road),  a 

Liberty villo,  C,  R.  I  &  P.  R  R.  a 

Lockridge,  C.  B.  &  Q   R.  R  ,  a 

Mitchell  creek  bridge.  C ,  B.  &  Q  R.  R.  (new  road),  b 

Packwood  B.  &  W  R.  R.,  c 

Pekin,  B.  &  W.  R.  R  .  c 

Perlee,  C,  R.  I.  &  P.  R.  R.  (old  grade),  a 

Pleasant  Plain,  C.  R  I.  &  P.  R.  R.  (old  road),  a  . . . . 
Shirtz  creek  bridge,  C,  B  &  Q  R.  R  (new  road)  b  . . . 

Skunk  river,  near  Coppock,  c 

Upland  west  of  Batayia,  c 

Veo,  B.  &  W.  R.  R.,c 

Woolson,  B  &W.  R  R.c  


726 

777 
702 
675 
788 
775 
758 
805 
602 
768 
782 
715 
82C 
885 
670 
740 
720 
570 
700 
700 
784 


Autboritj:  (i)  Giooett's  Dictioairy  of  Altitudes  ioU.  S. ;  (b)  Engineer's  office,  C,  B.  &  Q.  R. 
K.;  (c)  Aneroid  meisuremeots  by  the  intbor. 
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General  Relations  of  Strata. 

In  llie  west  half  of  the  north  tier  of  townships  the  streams 
have  not  cut  through  the  drift  and  no  roek  exposures  have  been 
observed.  The  thickness  of  the  drift  appears  to  be  quite  uni- 
form, some  125  feet,  although  one  well  record  gives  180  feet 
Immediately  under  this  lie  the  Coal  Measures,  averaging  per- 
haps fifty  feet  in  depth.  These  have  been  quite  extensively  re- 
moved on  the  lowlands,  however,  and  in  the  northeast  part  of 
the  county  they  are  absent  even  on  the  uplands.  The  Coal  Meas- 
ures in  turn  rest  on  the  Saint  Louis  limestones,  shales  and  sand- 
stones, which  belong  to  the  Lower  Carboniferous  and  which 
average  about  one  hundred  feet  in  depth.  The  following  table 
will  further  elucidate  the  general  arrangement  of  these  divisions : 


GROUP. 

SYSTEM. 

SERIES. 

STAGE. 

SUB- STAGE. 

Pleistocene. 

Recent 

Alluvial  and  terrace. 

Post-Kansan. 

Loess. 

Cenozoic. 

Glacial. 

Kansan 

Aftonian. 

Albertan. 

Carboniferous. 

Upper  Carbon- 
iferous. 

Des  Moines. 

Palaeozoic. 

Lower  Carbon- 
iferous. 

Saint  Louis. 

Pella. 

Verdi. 

Springvale. 
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Underlying  Formations.— Vnder  the  rock  seen  in  the  lower- 
most exposures  there  is  some  thirty  feet  of  limestone,  with  some 
shale  and  sandstone,  as  is  shown  in  the  deep  well  at  Ottumwa 
and  also  known  from  exposures  in  the  counties  of  the  east.  This 
is  mainly  the  Augusta  limestone,  also  known  as  the  Keokuk  and 
the  Burlington.  Below  this  the  Kinderhook  shales  continue  for 
some  150  feet,  under  which  there  is  nearly  500  feet  of  limestone 
with  some  included  shale.  Then  the  Saint  Peter  sandstone  fol- 
lows, about  100  feet  in  thickness,  and  limestone  with  some  shale 
run  on  for  900  feet  below  this,  which  is  the  greatest  depth  reached 
by  explorations  in  tliis  region.* 

Carboniferous  System. 

THE  SAINT  LOUIS. 

The  lowest  formation  which  appears  in  exposure  in  Jefferson 
county  is  the  Saint  Louis,  belonging  to  the  upper  part  of  the 
Lower  Carboniferous  system.  It  consists  of  limestone,  marls, 
sandstones  and  dolomites  of  quite  varied  characters  and  has  an 
exposed  thickness  of  some  eighty  feet  within  the  boundaries  of  the 
county. 

The  outcrops  of  the  Saint  Louis  are  to  be  found  only  in  the 
valleys  of  the  streams,  where  the  overlying  Coal  Measures,  which 
constitute  the  bed  rock  over  most  of  the  area,  have  been 
removed.  In  the  northeast  half  of  Walnut  township  and  in 
places  farther  west  along  the  north  boundar\"  of  the  county  the 
drift  no  doubt  rests  directly  on  tlie  Saint  Louis  even  in  the  up- 
lands, but  the  areas  of  these  upland  occurences  can  be  made  out 
only  approximately  owing  to  the  thickness  of  the  drift. 

Sections  on  Burr  Oak  and  other  Creeks,— In  a  ravine  which 
runs  cast  along  the  south  line  of  section  1  in  Walnut  township, 
and  in  the  bluffs  to  the  north,  this  terrain  appears  as  high  up 
as  from  50  to  150  feet  above  the  level  of  the  Skunk  river.  It 
occurs  also  in  the  northeast  quarter  of  section  2,  in  tlie  northwest 
quarter  and  near  the  southwest  corner  of  section  11.  On  Burr 
Oak  creek  it  is  seen  at  intervals  from  the  east  line  of  section  8 
and   all    the   way   down  to  the  junction  of  this  creek  with  the 

•  Norton;  lowi  Geol    Surv  ,  Vol.  VI,  p.  319. 
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Walnut  In  sections  8  and  16  there  is  limestone,  in  section  22 
the  rock  consists  of  arenaceous  limestone  or  sandstone,  and  still 
further  down,  in  section  26,  there  are  ledges  and  seams  of  dolo- 
mitic  limestone,  marls,  and  blue  shale.  These  latter  beds  repre- 
sent the  lowermost  division  of  the  Saint  Louis  beds  exposed  in 
the  county.  A  detailed  descrii)tion  of  two  ex[)osures  is  as  fol- 
lows: 

I      SECTIOM  IN  THE  WEST  B  \NK  OF  BURR  OAK  CREEK,  A  LITTLE  NORTH  OF  THE 
CENTER  OF  THE  SW.  K  OF  THE  SW.  5^  OF  SEC.  s6,  WALNUT  TOWNSHIP. 

FEET. 

9.  (2>  Bluish   white,    laminated,   limestone    of   very 

fine   texture    1 

8.   (2)  Yellow,  marly,  dolomitic  material   5 

7.  (2)  Yellow,  wavy-bedded  mortar-rock  with  a 
pure  calcareous,  and  slightly  pDrous  ma- 
trix, making  more  than  half  of  the  bulk  of 
the  rock  and  being  in  places  without  sand. 
The  imbedded  rounded  sand  grains  averag- 
ing .somewhat  less  than  one  millimeter  in 
diameter  in  all  samples  examined,  but 
range  up  to  five  times  this  size.  The  largest 
of  the  siliceous  fragments  are  angular  and  ^ 

consist    of    chert    4 

6.  (2)  Yellow,  mortar-rock,  with  a  pure  calcareous 
and  slightly  porous  matrix.  The  sand  con- 
stitutes about  one-half  of  the  bulk  of  the 
rock,  and  consists  of  rounded  grains  of 
quar'tz  averaging  less  than  one  mdllimeter 
in  diameter,  and  ranging  up  to  two  milli- 
meters. There  are  also  fragments  of  chert 
from  one-half  t-o  three  centimeters  in  diam- 
eter. These  have  their  surfaces  fretjuently 
marked  by  shallow  concave  hello ws,  appar- 
ently produced  by  etching,  as  by  solution. 
Yet  the  texture  of  the  bed  is  very  variable. 
In  places  it  is  traversed  by  thin,  long 
and  curving  fissures  which  are  filled  \vith 
clear  calcite   ^ 

5.  A  band  of  yellowi9(h  gray  chert  of  rather  even 

thickness    V4 

4.  (1)  Yellow  or  blue,  marly,  magnesian  limestone 
with  band  of  chert.  A  hand  specimen 
was  observed  to  be  without  any  sand.  It 
had  minute  porosities,  apparently  due  to 
the  removal  of  some  organic  fragments. 
Some  of  these  were  minute,  straight,  tubules. 
Imprints  of  a  Productus  were  noted    3% 
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Underlying  Formations.— Vnder  the  rock  seen  in  the  lower- 
most exposures  there  is  some  thirty  feet  of  limestone,  with  some 
shale  and  sandstone,  as  is  shown  in  the  deep  well  at  Ottumwa 
and  also  known  from  exposures  in  the  counties  of  the  east  This 
is  mainly  the  Augusta  limestone,  also  known  as  the  Keokuk  and 
the  Burlington.  Below  this  the  Kinderliook  shales  continue  for 
some  150  feet,  under  which  there  is  nearly  500  feet  of  limestone 
with  some  included  shale.  Then  the  Saint  Peter  sandstone  fol- 
lows, about  100  feet  in  thickness,  and  limestone  with  some  shale 
run  on  for  900  feet  below  this,  which  is  the  greatest  depth  reached 
by  explorations  in  tliis  region.* 

Carboniferous  System. 

THE  SAINT  LOUIS. 

The  lowest  fonnation  which  api)ears  in  exposure  in  Jefferson 
county  is  the  Saint  Louis,  belonging  to  the  upi)er  part  of  the 
Lower  Carboniferous  system.  It  consists  of  limestone,  marls, 
sandstones  and  dolomites  of  quite  varied  characters  and  has  an 
exposed  thickness  of  some  eighty  feet  within  the  boundaries  of  the 
county. 

The  outcrops  of  the  Saint  Louis  are  to  be  found  only  in  the 
valleys  of  the  streams,  where  the  overlying  Coal  Measures,  which 
constitute  the  bed  rock  over  most  of  the  area,  have  been 
removed.  In  the  northeast  half  of  Walnut  township  and  in 
places  farther  west  along  the  north  boundary  of  the  county  the 
drift  no  doubt  rests  directly  on  the  Saint  Louis  even  in  the  up- 
lands, but  the  areas  of  these  ui)land  ocx^ureiices  can  be  made  out 
only  approximately  owing  to  the  thickness  of  the  drift. 

Sections  on  Burr  Oak  and  other  Creeks.— In  a  ravine  whie' 
runs  cast  along  the  south  line  of  section  1  in  Walnut  townshi] 
and  in  the  bluffs  to  the  north,  this  terrain  a))))ears  as  high  r 
as  from  50  to  150  feet  above  the  level  of  the  Skunk  river, 
occurs  also  in  the  northeast  quarter  of  section  2,  in  the  northw« 
quarter  and  near  the  southwest  corner  of  section  11.     On  B 
Oak  creek  it  is  seen  at  intervals  from  the  east  line  of  sectio 
and   all    the   way   down  to  the  junction  of  this  creek  with 

•  Norton;  lowi  Geol    Surv  ,  Vol.  VI,  p.  319. 
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Underlying  Formations.— Vnder  the  rock  seen  in  the  lowef- 
most  exposures  there  is  some  thirty  feet  of  limestone,  with  some 
shale  and  sandstone,  as  is  shown  in  the  deep  well  at  Ottumwa 
and  also  known  from  exposures  in  the  counties  of  the  east  This 
is  mainly  the  Augusta  limestone,  also  known  as  the  Keokuk  and 
the  Burlington.  Below  this  the  Kinderhook  shales  continue  for 
some  150  feet,  under  which  there  is  nearly  500  feet  of  limestone 
with  some  included  shale.  Then  the  Saint  Peter  sandstone  fol- 
lows, about  100  feet  in  thickness,  and  limestone  with  some  shale 
run  on  for  900  feet  below  this,  which  is  the  greatest  depth  reached 
by  explorations  in  this  region.* 

Carboniferous  System. 

THE  SAINT  LOUIS. 

The  lowest  formation  which  api>ears  in  exposure  in  Jefferson 
county  is  the  Saint  Louis,  belonging  to  the  upper  part  of  the 
Lower  Carboniferous  system.  It  consists  of  limestone,  marls, 
sandstones  and  dolomites  of  quite  varied  characters  and  has  an 
exposed  thickness  of  some  eighty  feet  within  the  boundaries  of  the 
county. 

The  outcrops  of  the  Saint  Louis  are  to  be  found  only  in  the 
valleys  of  the  streams,  where  the  overlying  Coal  Measures,  which 
constitute  the  bed  rock  over  most  of  the  area,  have  been 
removed.  In  the  northeast  half  of  Walnut  township  and  in 
places  farther  west  along  the  north  boundary  of  the  county  the 
drift  no  doubt  rests  directly  on  the  Saint  Louis  even  in  the  up- 
lands, but  the  areas  of  these  upland  occurences  can  be  made  out 
only  approximately  owing  to  the  thickness  of  the  drift. 

Sections  on  Burr  Oak  and  other  Creeks.— In  a  ravine  which 
runs  cast  along  the  south  line  of  section  1  in  Walnut  township, 
and  in  the  bluffs  to  the  north,  this  terrain  appears  as  high  up 
as  from  50  to  150  feet  above  the  level  of  the  Skunk  river.  It 
occurs  also  in  the  northeast  quarter  of  section  2,  in  the  northwest 
quarter  and  near  the  southwest  corner  of  section  11.  On  Burr 
Oak  creek  it  is  seen  at  intervals  from  the  east  line  of  section  8 
and   all    the   way   down  to  the  junction  of  this  creek  with  the 

•  Norton;  lowi  Geol    Surv  ,  Vol.  VI,  p.  319. 
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Walnut  In  sections  8  and  16  there  is  limestone,  in  section  22 
the  rock  consists  of  arenaceous  limestone  or  sandstone,  and  still 
further  down,  in  section  26,  there  are  ledges  and  seams  of  dolo- 
mitic  limestone,  marls,  and  blue  shale.  These  latter  beds  repre- 
sent the  lowermost  division  of  the  Saint  Louis  beds  exposed  in 
the  county.  A  detailed  description  of  two  exix)sures  is  as  fol- 
lows: 

I      SECTIOM  IN  THE  WEST  B  \NK  OF  BURR  OAK  CREEK,  A  LITTLE  NORTH  OF  THE 
CENTER  OF  THE  SW.  K  OF  THE  SW.  K  OF  SEC.  s6,  WALNUT  TOWNSHIP. 

FEET. 

9.  (2>  Bluish   white,   laminated,   limestone   of   very 

fine   texture    1 

8.   (2)  Yellow,  marly,  dolomitic  material   5 

7.  (2)  Yellow,  wavy-bedded  mortar-rock  with  a 
pure  calcareous,  and  slightly  porous  ma- 
trix, making  more  than  half  of  the  bulk  of 
the  rock  and  being  in  places  without  sand. 
The  imbedded  rounded  sand  grains  averag- 
ing somewhat  less  than  one  millimeter  in 
diameter  in  all  samples  examined,  but 
range  up  to  five  times  this  size.  The  largest 
of  the  siliceous  fragments  are  angular  and 

consist    of   chert    4 

6.  (2)  Yellow,  mortar-rock,  with  a  pure  calcareous 
and  slightly  porous  matrix.  The  sand  con- 
stitutes about  one-half  of  the  bulk  of  the 
rock,  and  consists  of  rounded  grains  of 
quartz  averaging  less  than  one  millimeter 
in  diameter,  and  ranging  up  to  two  milli- 
meters. There  are  also  fragments  of  chert 
from  one-half  to  three  centimeters  in  diam- 
eter. "^I'liese  have  their  surfaces  frequently 
marked  by  shallow  concave  htllows,  appar- 
ently produced  by  etching,  as  by  solutdon. 
Yet  the  texture  of  the  bed  is  very  variable. 
In  places  it  is  traversed  by  thin,  long 
and   curving  fissures   which    are  filled   with 

clear  calcite   ^ 

5.  A  band  of  yellowiathi  gray  chert  of  rather  even 

thickness    V4 

4.  (1)  Yellow  or  blue,  marly,  magnesian  limestone 
with  band  of  chert.  A  hand  specimen 
was  observed  to  be  without  any  sand.  It 
had  minute  porosities,  apparently  due  to 
the  removal  of  some  organic  fragments. 
Some  of  these  were  minute,  straight,  tubules. 
Imprints  of  a  Productus  were  noted   Sy^ 
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3.  (1)  Yellow  ^nd  aomewhat  indurated  magnesian 

limestone    K 

2.  (1)  Greenish  gray,  shaly  miarl  with  irregular  loaf- 

shaped  concretions  of  tough,  gray  quartz . .     3 

1.  (1)  rine-grai'.ed,  almost  compact  and  partly  dolo- 

roitic  limestone  of  yellow  color  and  with 
streaks  of  imbedded  fine  sand.  On  fresh 
fractures  there  were  seen  minute,  dark, 
dendritic  blotches  as  of  manganese  oxide. 
The  ledge  is  traversed  by  thin  curving  fis- 
sures, which  are  healed  mostly  with  a 
dark  ferruginous  cement.  Seen  in  bed  of 
the  creek  to  a  depth  of  about 1 

II.    SECTION  IN  THE  WEST  BANK  OF  BURR  OAK  CREEK,  NEAR  THE  CENTER  OF 
THE  SW.  H  OF  THE  SW.  H  OF  SEC.  s6,  WALNUT  TOWNSHIP. 

FEET. 

5.  (1)  Bull  yellow,  maguesian  limesitone   1% 

4.  ( 1 )  Yellow  dolomitic  marl  5 

3.  (1)  Yellow,  apparently   ler.ched    and    somewhat 

doh/mitic  limestone  of  fine  texture  con- 
taining fragments  of  a  Productus  and  Fen- 
estelia   Vl 

2.  (1)  Dull  yellow  marl,  somewhat  dolomitdc 3 

1.  (1)  Greenish,  slightly  calcareous  -hale  containing 

irregular   shaped,   loaf-like   concretions  of  a 

tough  ^Tay  quartz,  somewhat  resembling 
geodes,  but  differing  from  these  in  always 
liaving  a  solid  center  and  iu  showing  no 
crystals   3 

Sections  on  Wdbmt  CreeA*.— Following 'Walnut  creek  we  find 
the  same  succession.  The  lowest  rock  exposed  in  the  bed  of  this 
creek,  about  one-fourth  of  a  mile  west  of  the  center  of  section 
2,  Lockridge  township,  is  identical  witli  number  4  in  section  1 
above,  except  that  it  is  slightly  less  dolomitic  and  that  it  contains 
occasional  small  kernels,  or  lumps,  of  compact  calcareous  mate- 
rial, as  if  the  process  of  dolomitization  were  less  far  advanced. 
Along  the  bend  to  the  south  which  this  stream  makes  in  sections 
2  and  '}  these  dolomitic  beds  are  exposed,  and  above  them  we  find 
sandy,  cross-bedded  limestones  rising  thirty  or  forty  feet  These 
continue  for  four  miles  above  and  are  in  turn  overlain  by  bree- 
ciated,  more  calcareous  and  less  sandy  limestone  ledges,  as  may 
be  seen  in  sections  19,  20  and  29  in  Walnut  township,  and  in  sec- 
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tions  24,  25  and  26  in  Penn  township.  Still  fartlier  up,  as  in 
sections  21,  23,  26  and  27,  yet  higher  beds  occur  above  these,  in 
the  banks  of  the  main  creek  and  its  forks  and  these  consist  of 
quite  evenly  bedded  gray  limestones  and  marls.  The  cross- 
bedded  sandy  rock  is  particularly  well  exposed  in  the  right  bank 
of  the  creek  along  the  east  line  of  the  northeast  quarter  of  section 
29  in  Walnut  township.  The  relation  and  characteristics  of  the 
diflFerent  divisions  are  well  represented  in  the  following  sections : 

ni.    SECTION  IN  A  RAVINE  AND  IN  A  STONE  QUARRY  IN  THE  SW.  ^  OF  THE  SE .« 

OF  SEC.  3.  LOCKRIDGE  TOWNSHIP. 

FEET. 

5.  (3)  White,  weathered  limestone-breccia,  weather- 
ing into  angular  fragments.  Some  of  thds 
breccia  is  arenaceous,  with  imbedded 
pieces  of  pure  white  limestone.  Occasion- 
ally an  almost  pure  sand  fills  the  inter- 
stices between  the  blocks  and  fragmente 
of  the  breccia.  (Seen  above  the  stone 
quarry.)   5 

4.  (3)  YeUow  clay  and  marl   3^ 

3.  (2)  Porous  limestone  of  dark  gray  color.  It  con- 
tains occasional  nodules  of  chalcedonic 
quartz.  In  some  places  it  gives  a  faint  bi- 
tuminous odor,  ^vftien  struck  by  the  ham- 
mer. It  contains  a  small  and  variable 
amount  of  well  rounded  sand  grains  and 
also  of  calcareous  fragments  of  a  different 
and  finer  texture  from  that  of  the  main 
matrix.  In  places  the  rock  contains  scat- 
tered clear  crystals  of  calcite  measuring 
about  one-eighth  of  an  inch  in  length.  These 
are  occasionaUy  dissolved  out  leaving  small 
cavities.  Some  of  the  larger  quartz 
sand  grains  and  small  pebbles,  which  this 
rock  contains,  have  shallow,  concave  depres- 
sions on  the  surface.  These  have  appcurent- 
ly  been  produced  by  solvent  action  of  the 
ground  water.  In  three  rock  specimens, 
carefully  examiited,  different  stages  of  this 
etching  weire  noticed.  Its  extreme  result  is 
the  production  of  a  porous,  calcareous  rock 
with  only  a  few  imbedded,  angular,  siliceous 
particles.  (The  main  quarry  rock  in  Wal- 
gren's  quarry)  7 

2.  (2)  Porous,  grayish  yellow  limestone,  somewhat 
irregularly    bedded,    and    considerably    af- 
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fected  by  weathering  and  leaching  (ex- 
posed below  the  quarry)    5 

1.  (1)  Dolomitic  marl,  almost  stony  above  and  more 

shaly  below.  When  crusbed  and  examdned 
und«r  the  microscope  the  marly  material 
is  seen  to  consist  of  very  small  rhombo- 
hedral  crystals,  which  effervesce  tardily  in 
moderately  strong  acids.  (Exposed  in  a 
ravine  below  the  quarry.)  8 

IV.  i>ECTION   IN   THE    LEFT   BANK   OF   WALNUT   CREEK,    ABOUT  TWENTY  RODS 
SOUTHEAST  OF  THE  CENTER  OF  THE  SW.  K  OF  SEC.  20,  WALNUT  TOWNSHIP. 

FEET. 

2.  (3    &   4)  Gray,   partly   breccdated   limestone    (not 

well    exposed) 20 

1.  (2)  Sandstone    and    arenaceous     limestone,     Ire- 

quently   cross-bedded    25 

V.  SECTION  IN  THE  SOUTH  BANK  OF   WALNUT  CREEK,   ABOUT  ONE  FIFTH  OF  A 

MILE  WEST  OF  THE  EAST  LINE  OF  SEC.  19,  WALNUT  TOWNSHIP. 

FEET. 

3.  (4)  Gray,  hard  limestone,  slightly  brecciated  and 

broken,  and  with  some  thin  seams  of  marl 
between    some    of    the    ledges    10 

2.  (3)  A  stony  marl  containing  a  small  and  almost 

spherical  Seminula  in  abundance,  and  lumps 
of  concretionary  limestone,  and  of  oolitic 
limestone.  The  oolitic  spherules  average  one 
half  of  a  millimeter  in  diameter  and  are 
mingled  with  occasional  larger  lumps  of 
compact  limestone.  Most  of  them  are  ellip- 
tical in  cross  section  and  consist  of  a  dark 
central  plate  which  is  surrounded  by  a  light- 
colored  thick  envelope,  which  again  is  sur- 
rounded by  a  thin  crust  of  dark  color  on 

the  outside   ^ 

1.  (3)  Flexed,  faulted  and  brecciated  ledges  of  hard 

gray   limestone    10 

VI.  SECTION    IN    THE    NORTH    BANK   OF  WALNUT  CREEK,    AT   THE    SOUTHEAST 

CORNER  OF  SEC.  24,  PENN  TOWNSHIP. 

FEET. 

(2)  Slanting  and  cross-bedded  ledges  of  limes>tone 
alternating  with  more  massive  ledges  of 
mortar-rock.  The  latter  is  in  places  seen  to 
have  promiscuously  arranged,  curving,  tubu- 
lar cavities  of  variable  diameter,  which  are 


CARBONIFEROUS    SYSTEM.  373 

FEET. 

filled  with  calcite.  The  mortar-rock  con- 
sists of  a  calcareous  matrix  making  from 
ten  per  cent  to  forty  per  cent  of  the  bulk, 
and  containing  imbedded  well-rounded  sand 
grains,  the  prevailing  feize  of  which  in  one 
hand  specimen  was  from  one-third  to  one- 
fourth  of  a  millimeter  in  diameter.  In  same 
specimen  ninety-eight  per  cent  of  the 
grains  consisted  of  white  quartz,  'l^e  re- 
mainder consisted  or  quartz  of  an  amethyst 
pdnk  color,  bright  green  grains,  and  some 
dark  quartz.  Some  spherical  grains  of  lime 
carbonate  were  elso  observed,  and  resem- 
bled oolotic  spherules    12 

VII.    SECTION  IN  THE  SOUTH  BLUFF  OF  THE  NORTH  BRANCH  OF  WALNUT  CREEK 
NEAR  THE  SOUTHWEST  CORNER  OF  SEC.  a3,  FENN  TOWNSHIP. 

FEET.    INCHES. 

3.  (4)  Grayish  white  limestone  in  thin  ledges 3 

2.  (4)  Grayish  white  limestone  in  a  sdngle  solid 
ledge,  with  curving  flattened  stems  resem- 
bling fucoids  impressed  into  the  upper  sur- 
face. It  contains,  especially  near  its  lower 
surface,  Pugnax  ottumwa  White,  Seminula 
trinuclea  Hall,  and  Spirifer  keokuk  Hall.  2% 
1.  (4)  A    thin    seam    of    shaly    material    containing 

Pugnax  ottumwa  White,  in  abundance Va 

Vni.    SECTION  IN  THE  NORTH  BANK  OF  THE  MIDDLE  BRANCH  OF  WALNUT  CREEK 
IN  THE  NE.  H  OF  THE  SE.  H.  OF  SEC.  ti.  PENN  TOWNSHIP. 

FEET. 

(4)  Grayi^  white  limestone  with  some  seams  of 
shale  containing  Pugnax  ottumwa  White,  P. 
grosvenori   Hall,   Seminula   trinuclea   Hall, 
Spirifer    keokuk    Hall,    Deltodopsis    stludo- 
vici  St.  J.  and  W.  (?)    6 

Sections  on  Rocky  Branch.— On  Rocky  branch,  which  is  a  tribu- 
tary to  Walnut  creek  and  comes  in  from  the  west,  following  the 
south  boundaries  of  Penn  and  Walnut  townships,  rock  exposures 
are  frequent  and  the  same  succession  is  seen  except  that  the  lower 
dolomitic  beds  do  not  come  into  view.  The  sandy  ledges  occur 
farthest  down  and  appear  as  far  up  as  in  the  northeast  quarter 
of  section  6  in  Lockridge  township.  The  upper  marls  and  regu- 
larly bedded  limestones  appear  in  section  36  in  Penn  township 
and  in  section  1  in  Buchanan  township.  Only  a  few  of  the  local 
details  can  be  given. 
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are  the  result  of  the  work  of  erosion  perfonned  by  the  present 
drainage.  Th«  streams  have  cut  out  and  carried  away  the 
material  which  once  filled  the  valleys.  Their  attitudes  are  every- 
where an  expression  of  this  work,  and  of  the  conditions  which 
have  affected  it  As  an  instance  we  may  mention  a  feature,  first 
noted  and  explained  by  Professor  Calvin  in  other  parts  of  the 
state.  In  creeks  running  from  east  to  west  the  slopes  on  the  south 
side  descend  more  rapidly  than  the  bluffs  on  the  north  side.  The 
latter  have  suffered  more  rapid  reduction  owing  to  the  more  direct 
exposure  to  the  sun's  heat  and  consequent  greater  energy  of 
the  melted  snow-water  during  thaws.  On  the  slopes  facing 
north,  on  the  other  hand,  the  snow  melts  more  gradually  and 
the  slow  seeping  of  the  snow-water  there  has  been  less  effective 
in  carrying  down  with  it  the  debris  of  the  land. 

The  Terraces.— The  work  of  carving  out  the  valleys  to  their 
present  depth  has  not  proceeded  at  a  uniform  rate.  At  different 
places  along  the  streams  there  are  seen  occasional  remnants  of 
old  valley  bottoms,  or  terraces,  occupying  higher  levels  than  tlie 
present  ones.  The  highest  of  these  old  valley  bottoms  in  this 
county  was  first  observed  by  Mr.  Frank  Leverett  during  his 
studies  of  the  lUinoian  drift.  It  consists  of  a  few  obscure 
shelves  along  the  west  bluffs  of  the  Skunk  river,  in  the  north- 
east comer  of  the  countv.  These  have  an  elevation  of  about  1 25 
feet  above  the  level  of  the  river.  Tlie  best  instance  seen  is  prob- 
ably on  the  east  half  of  section  11  in  Lockridge  township,  where 
an  area  of  about  a  quarter  section  of  the  margin  of  the  upland 
is  some  forty  feet  lower  than  the  ui)lands  to  the  west.  This 
branch  is  believed  to  have  been  a  part  of  the  bottom  of  a  large 
stream,  which  came  down  the  Crooked  creek  valley  at  the  time 
of  the  greatest  westward  extension  of  the  lUinoian  glacial 
lobe.*  Along  Cedar  creek  one  terrac>e  has  an  elevation  of  about 
eighty  feet  above  the  stream.  Considerable  tracts  of  this  ter- 
race have  been  preserved  along  its  lower  course  in  tliis  county 
where  the  rock-bound  nature  of  the  land  has  prevented  exten- 
sive meandering  of  the  river.  It  is  quite  consjncuous  in  the 
south  half  of  section  27  and  in  the  southwest  quarter  of  section 
26,  on  the  north  side  of  the  creek,  and  also  in  the  north  halves  of 


*  Leverett;  MoDo^rapbXXXViII,  U.  S.  Geol.  Snry.,  p.  92. 
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sections  35  and  36,  on  the  south  side  of  the  creek  in  Cedar  town- 
ship. In  the  adjoining  south  quarters  of  sections  33  and  34  in 
Bound  Prairie  township,  another  quite  extensive  remnant  fol- 
lows the  creek  on  the  north  side.  Other  instances  of  benches  of 
nearly  the  same  height  occur  in  tlie  west  half  of  Locust  Grove 
township,  as  in  the  northeast  quarter  of  section  28  and  in  places 
in  sections  21  and  23.  Remnants  of  old  bottoms  rising  some 
twenty  or  thirty  feet  above  the  present  flood  plains  are  more 
frequent.  They  occur  on  the  larger  as  well  as  on  the  smaller 
streams,  as  may  be  seen  along  the  Skunk  river  bluffs  in  section 
23  in  Walnut  township,  under  the  Cedar  river  bluffs  in  section 
13  in  Liberty  township,  along  Brush  creek  in  section  25,  along 
Turkey  creek  in  section  11  in  Lockridge  township,  and  along 
Walnut  creek  in  sections  28  in  Walnut  and  25  in  Penn  townships. 
It  may  be  that  these  terraces  were  made  at  times  when  the  gen- 
eral elevation  of  the  land  was  less  than  it  is  at  present  and  thus 
affected  the  work  of  erosion.  But  another  circumstance  may 
perhaps  as  well  have  produced  some  of  them,  judging  from  ap- 
pearances in  this  county.  In  Cedar  creek  the  surface  of  the 
highest  terra&ce  lies  only  slightly  above  the  upper  surface  of  the 
bed  rock,  which  is  a  solid  and  compact  limestone,  and  which 
crosses  the  valley  as  a  broad  and  durable  sill  several  miles  wide 
in  the  southeast  part  of  the  county.  Evidently  when  the  cutting 
reached  this  sill  it  was  for  a  long  time  arrested,  until  the  chan- 
nel was  sunk  into  this  rock.  The  hard  rock  is  many  times  more 
diflScult  to  remove  than  loose  drift.  The  creek  must  have  estab- 
lished a  flood  plain  at  the  level  where  its  work  was  arrested  by 
tliis  sill  and  it  must  have  spent  its  energy  above  this  place  in 
widening  its  valley  up  to  the  same  time.  The  writer  believes 
that  a  cowect  interpretation  both  of  the  age  and  of  the  causes 
of  the  terraces  in  this  region  will  require  a  much  more  extensive 
comparative  knowledge  of  their  features  than  we  at  present 
possess. 

The  Bottom  Lands.— The  bottom  lands,  or  the  present  flood 
plains,  are  the  flat  lowlands  which  may  be  inundated  during 
high  floods.  Their  surface  lies  at  an  elevation  of  from  fifteen 
to  ihirtv  feet  above  the  bed  of  the  streams,  and  in  this  countv 
from  150  feet  below  the  upland  flats  nearest  the  larger  streams 
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to  less  than  seventy-five  feet  below  the  same  uplands  in  case  of 
the  narrow  alluvial  tracts  following  the  smaller  divisions  of 
their  tributaries.  The  bottom  lands  of  Skunk  river  average  a 
little  more  than  a  mile  in  width,  being  broadest  just  above  the 
mouth  of  Walnut  creek  where  they  reach  a  mile  and  a  lialf  from 
bluff  to  bluff.  They  have  an  elevation  of  about  585  feet  above  sea 
level,  sloping  south  about  two  feet  ])er  mile.  The  flood  plain  of 
Cedar  creek  varies  greatly  in  width.  In  Round  Prairie  and  in 
the  east  half  of  Cedar  township  it  is  narrow  and  at  times  entirely 
absent.  The  stream  winds  along  in  a  rocky  canyon  with  walls 
from  forty  to  seventy  feet  high  and  from  a  few  rods  to  perhajis 
one-fourth  of  a  mile  apart.  Above  the  mouth  of  Crow  creek  it 
widens  out  and  for  the  next  five  miles  maintains  a  widtli  of  from 
half  a  mile  to  a  mile.  Then  for  about  three  miles  within  the  boun- 
daries of  Fairfield  township  it  narrows  to  half  a  mile.  Above  this 
it  again  widens  to  about  three-fourths  of  a  mile  and  more  ,in  the 
east  half  of  Locust  Grove  township.  For  the  remaining  four  miles 
of  its  course  in  this  county  it  is  mostly  less  than  a  quarter  of  a  mile 
wide.  Examining  the  material  on  which  the  work  of  erosion 
has  been  performed  by  this  stream  we  find  that  the  width  of  its 
bottoms  corresponds  inversely  to  the  hardness  of  the  materials 
on  which  it  has  had  to  work.  In  the  region  of  the  limestone  the 
bottoms  are  narrow  or  none.  In  the  region  where  the  Coal  Meas- 
ure shales  and  limestones  have  been  worked  upon  the  width  is 
from  one-fourth  to  one-half  mile,  and  where  there  is  only  drift 
the  bottoms  widen  out  to  as  much  as  a  mile.  The  elevation  of 
the  Cedar  creek  flood  i)lain  is  about  685  feet  above  sea  level  at 
the  west  boundary  of  the  county  and  about  620  feet  below  the 
mouth  of  Rock  creek  on  the  south  boundary.  The  bottoms  of 
the  smaller  streams,  such  as  Walnut  creek  and  its  branches,  Tur- 
.  key,  Brush,  Wolf,  Rock  and  Crow  creeks,  the  two  Comi>etine 
creeks,  Black  creek  and  Lick  creek  average  at  least  an  eighth  of 
a  mile  in  width  and  sometimes  expand  to  twice  this  measure, 
vanishing  only  within  a  mile  or  so  of  the  ultimate  sources  of  the 
streams.  The  habit  of  contracting  in  places  where  the  channel 
goes  below  the  surface  of  the  bed  rock  is  in  their  case  even  more 
conspicuous.  It  is  universal  and  the  writer  has  not  observed  a 
single  exceptipn  to  the  rule  that  the  bottoms  are  narrow  in  places 
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where  outcrops  of  bed  rock  occur,  and  wide  where  the  bluffs  are 
composed  of  drift  all  the  way  down.  The  extent  of  the  contrac- 
tion of  the  valleys  is  usually  proportionate  to  the  rise  of  the  rock. 
•The  liigher  this  lies  the  more  narrow  the  valley,  and  where  the 
valleys  dilate  farthest  it  is  useless  to  look  for  good  exposures  of 
the  country  rock. 

DRAINAGE. 

The  drainage  bears  everywhere  the  mark  of  maturity  and  has 
suffered  no  recent  changes.  The  larger  streams  probably  fol- 
low drainage  lines  existing  before  tlie  drift  was  laid  down.  The 
courses  of  the  minor  stream  have  evidently  been  established  sub- 
sequent to  the  time  of  the  ice  invasions.  About  fifty  square 
miles  of  the  area  of  the  county  drain  into  the  Des  Moines  system. 
The  remaining  382  square  miles  belong  to  the  Skunk  river  sys- 
tem and  is  divided  among  its  several  tributaries  as  follows: 

SQUARE 
MILES. 

Cedar  creek  basin   190 

Walnut   creek  basin    82 

Brush  creek  basin   30 

Other  basins    70 

The  Cedar  creek  basin  averages  some  twelve  miles  in  width 
and  extends  through  the  south  part  of  the  county  from  west- 
northwest  to  east-southeast,  reaching  nearly  to  the  northwest 
corner.  Its  north  tributaries  reach  out  from  five  to  eight  miles, 
while  those  on  the  south  side  drain  a  strip  only  about  three  or 
four  miles  wide.  Most  of  the  smaller  drainage  basins  are  like- 
wise elongated  in  foiin  and  their  longer  axes  have  the  saine  gen- 
eral trend.  The  exceptions  to  this  rule  consist  of  some  basins 
which  drain  more  nearly  either  north  or  south.  These  are  less 
elongated  in  outline  and  as  a  consequence  the  branches  of  their 
creeks  spread  more.  Such  are  the  tributaries  to  the  Des  Moines 
river  in  the  southwest  part  of  the  county  and  all  the  smaller  trib- 
utaries to  Cedar  creek. 

The  land  is  at  present  almost  everywhere  well  drained.  The 
only  exceptions  consist  of  some  few  tracts  of  low  bottom  land 
and  some  shallow  depressions  on  the  widest  upland  flats,  already 
referred  to.  Befoi-e  the  land  was  brought  under  cultivation  tliese 
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shallow  depressions  on  the  uplands  were  partly  filled  with  watel- 
after  rains  and  tliis  sometimes  stood  for  an  entire  season.  These 

pools  were  sought  by  the  hunters,  in  the  pioneer  days,  for  geese 
and  ducks.  Some  were  conspicuous  enough  to  receive  local 
names.  ** Devil's  Lake"  covered  at  times  a  few  acres  a  little 
east  of  tlie  center  of  the  southwest  quarter  of  section  20  in  Polk 
township.  Other  ponds  occurred  in  the  southwest  quarter  of  sec- 
tion 12  and  in  section  13  in  the  same  township,  in  the  northeast 
quarter  of  section  32  in  Black  Hawk  township,  and  in  the  south- 
west quarter  of  section  12  and  the  northeast  quarter  of  section 
2  in  Fairfield  township.  At  that  time  the  uplands  were  less  well 
drained  than  at  present,  and  where  we  now  find  the  best  farms 
the  land  was  at  first  regarded  as  being  too  wet  for  agricultural 
purposes.  Most  or  all  of  the  rainfall  was  then,  as  it  is  now,  ab- 
sorbed by  the  ground  or  evaporated,  the  surface  slope  being  too 
small  to  drain  it  off,  before  it  has  time  to  be  taken  up  by  the  por- 
ous loess  soil.  It  escapes  from  there  only  by  slow  seepage  and 
by  evaporation. 


TABLE  OF  ELEVATIONS. 


STATION. 


ALTITUDE. 


Batayia.  C,  B.  &  Q.  (new  grade),  b , 

Beckwith,  C,  B.  &  Q..  a 

Cedar  bridge.  C,  B.  &  Q  R  R.,  c 

Cedar  bridge,  C,  R.  1.  &  P.  R.  R  ,  c 

County  Line,  C,  R  I.  &  P.  R.  R  ,  c 

Fairfield,  C,  B.  &  Q  R.  R.  (new  grade),  b 

Glendale,  C,  B.  &  Q  R.  R,  a 

Highest  point  C  ,  R  I  &  P.  R  R  ,  c 

Krum,  C  .  B.  &  Q  R.  R.  (abandoned  road),  a 

Liberty y ille,  C,  R.  I  &  P.  R  R.  a 

Lockridge,  C.  B.  &  Q  R.  R  ,  a 

Mitchell  creek  bridge.  C  ,  B.  &  Q  R.  R.  (new  road),  b 

Packwood  B.  &  W  R.  R.,  c 

Pekin,  B.  &  W.  R.  R  ,  c 

Perlee,  C,  R.  l.  &  P.  R.  R.  (old  grade),  a 

Pleasant  Plain,  C,  R  I.  &  P.  R  R.  (old  road),  a  . . . . 
Shirtz  creek  bridge,  C,  B  &  Q  R.  R  (new  road)  b  . . . 

Skunk  riyer,  near  Coppock,  c 

Upland  west  of  Batayia,  c 

Veo,  B.  «&W.  R.  R.,c 

Woolson,  B  &W.  R  R.c  


725 

777 
702 
675 
788 
775 
758 
805 
692 
768 
782 
715 
82C 
835 
679 
749 
720 
570 
790 
790 
784 


Authority:  (ii)  Gaooett't  Dictioaary  of  Altit'jdes  inU.  S. ;  (b)  Engineer's  office,  C,  B.  &  Q.  R. 
K.;  (c)  Aneroid  measurements  by  the  author. 
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General  Relations  of  Strata. 


In  iLe  west  kalf  of  the  north  tier  of  townships  the  streams 
have  not  cut  through  tlie  drift  and  no  rock  exposures  have  been 
observed.  The  thickness  of  the  drift  appears  to  be  quite  uni- 
form, some  125  feet,  although  one  well  record  gives  180  feet 
Immediately  under  this  lie  the  Coal  Measures,  averaging  per- 
haps fifty  feet  in  depth.  These  have  been  quite  extensively  re- 
moved on  the  lowlands,  however,  and  in  the  northeast  part  of 
the  county  they  are  absent  even  on  the  uplands.  The  Coal  Meas- 
ures in  turn  rest  on  the  Saint  Louis  limestones,  shales  and  sand- 
stones, which  belong  to  the  Lower  Carboniferous  and  which 
average  about  one  hundred  feet  in  depth.  The  following  table 
will  further  elucidate  the  general  arrangement  of  these  divisions : 


GROUP. 

SYSTEM. 

SERIES. 

8TAGK. 

SUB-STAGE. 

Pleistocene. 

Recent 

Alluvial  and  terrace. 

Post-Kansan. 

Loess. 

Cenozoic. 

Glacial. 

Kansan 

A  f  Ionian. 

Albertan. 

Carboniferous. 

Upper  Carbon- 
iferous. 

Des  Moines. 

Palaeozoic. 

Lower  Carbon- 
iferous. 

Saint  Louis. 

Pella. 

Verdi. 

Springyale. 
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Underlying  Formations.— Vnder  the  rock  seen  in  the  lower- 
most exposures  there  is  some  thirty  feet  of  limestone,  with  some 
shale  and  sandstone,  as  is  shown  in  the  deep  well  at  Ottumwa 
and  also  known  from  exposures  in  the  counties  of  the  east.  This 
is  mainly  the  Augusta  limestone,  also  known  as  the  Keokuk  and 
the  Burlington.  Below  this  the  Kinderhook  shales  continue  for 
some  150  feet,  under  which  there  is  nearly  500  feet  of  limestone 
with  some  included  shale.  Then  the  Saint  Peter  sandstone  fol- 
lows, about  100  feet  in  thickness,  and  limestone  with  some  shale 
run  on  for  900  feet  below  this,  which  is  the  greatest  depth  reached 
by  explorations  in  this  region.* 

Carboniferous  System. 

THE  SAINT  LOUIS. 

The  lowest  fonnation  which  appears  in  exposure  in  Jefferson 
county  is  the  Saint  Louis,  belonging  to  the  upi)er  part  of  the 
Lower  Carboniferous  system.  It  consists  of  limestone,  marls, 
sandstones  and  dolomites  of  quite  varied  characters  and  has  an 
exposed  thickness  of  some  eighty  feet  within  the  boundaries  of  the 
county. 

The  outcrops  of  the  Saint  Louis  are  to  be  found  only  in  the 
valleys  of  the  streams,  where  the  overlying  Coal  Measures,  which 
constitute  the  bed  rock  over  most  of  the  area,  have  been 
removed.  In  the  northeast  half  of  Walnut  township  and  in 
places  farther  west  along  the  north  boundary  of  the  county  the 
drift  no  doubt  rests  directly  on  the  Saint  Louis  even  in  the  up- 
lands, but  the  areas  of  these  upland  occurences  can  be  made  out 
only  approximately  owing  to  the  thickness  of  the  drift 

Sections  on  Burr  Oak  and  other  Creeks,— In  a  ravine  which 
runs  cast  along  the  south  line  of  section  1  in  Walnut  township, 
and  in  the  bluffs  to  the  north,  this  terrain  appears  as  high  up 
as  from  50  to  150  feet  above  the  level  of  the  Skunk  river.  It 
occurs  also  in  the  northeast  quarter  of  section  2,  in  the  northwest 
quarter  and  near  the  southwest  comer  of  section  11.  On  Burr 
Oak  creek  it  is  seen  at  intervals  from  the  east  line  of  section  8 
and   all   the   way   down  to  the  junction  of  this  creek  with  the 

•  Norton;  Iowa  Geol    Surv  ,  Vol.  VI,  p.  319. 
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Walnut  In  sections  8  and  16  there  is  limestone,  in  section  22 
the  rock  consists  of  arenaceous  limestone  or  sandstone,  and  still 
further  down,  in  section  26,  there  are  ledges  and  seams  of  dolo- 
mitic  limestone,  marls,  and  blue  shale.  These  latter  beds  repre- 
sent the  lowermost  division  of  the  Saint  Louis  beds  exposed  in 
the  county.  A  detailed  description  of  two  exix)sures  is  as  fol- 
lows : 

I      SECTIOM  IN  THE  WEST  B  VNK  OF  BURR  OAK  CREEK,   A  LITTLE  NORTH  OF  THE 
CENTER  OF  THE  SW.  K  OF  THE  SW.  5i  OF  SEC.  s6,  WALNUT  TOWNSHIP. 

FEET. 

9.  (2^^  Bluish   white,   laminated,   limestone    of   very 

fine   texture    1 

8.   (2)  Yellow,  marly,  dolomitic  material   5 

7.  (2)  Yellow,  wavy-bedded  mortar-rock  with  a 
pure  calcareous,  and  slightly  porous  ma- 
trix, making  more  than  htilf  of  the  bulk  of 
the  rock  and  being  in  places  without  sand. 
The  imbedded  rounded  sand  grains  averag- 
ing somewhat  less  than  one  millimeter  in 
diameter  in  all  samples  examined,  but 
range  up  to  five  times  this  size.  The  largest 
of  the  siliceous  fragments  are  angular  and 

consist    of   chert    4 

6.  (2)  Yellow,  mortar-rock,  with  a  pure  calcareous 
and  slightly  porous  matrix.  The  sand  con- 
stitutes about  one-half  of  the  bulk  of  the 
rock,  and  consists  of  rounded  grains  of 
quar*z  averaging  less  than  one  millimeter 
in  diameter,  and  ranging  up  to  two  milli- 
meters. There  are  also  fragments  of  chert 
from  one-half  to  three  centimeters  in  diam- 
eter. These  have  their  surfaces  frequently 
marksd  by  shallow  concave  he  Hows,  appar- 
ently produced  by  etching,  as  by  solutoon. 
Yet  the  texture  of  the  bed  is  very  variable. 
In  places  it  is  traversed  by  thin,  long 
and  curving  fissures   which   are  filled   with 

cleair  calcite ^3 

5.  A  band  of  yellowiflCh  gray  chert  of  rather  even 

thickness    V^ 

4.  (1)  Yellow  or  blue,  marly,  magnesian  limestone 
with  band  of  chert.  A  hand  specimen 
was  observed  to  be  without  any  sand.  It 
had  minute  porosities,  apparently  due  to 
the  removal  of  some  organic  fragments. 
Some  of  these  were  minute,  straight,  tubules. 
Imprints  of  a  Productus  were  noted   Sy^ 


S70  GEOLOGY  O:^  JEFFERSON  COUNTY. 

FBBT. 

3.  (1)  Yellow  ^tnd  somewhat  indurated  magnesian 

limestone    K 

2.  (1)  Greenish  gray,  shaly  miarl  with  irregular  loaf- 

shaped  concretions  of  tough,  gray  quartz . .     3 

1.  (1)  Fine-grai'ed,  almost  compact  and  partly  dolo- 

mitic  limestone  of  yellow  color  and  with 
streaks  of  imbedded  fine  sand.  On  fresh 
fractures  there  were  seen  minute,  dark, 
dendritic  blotches  as  of  manganese  oxide. 
The  ledge  is  traversed  by  thin  curving  fis- 
sures, which  are  healed  mostly  with  a 
dark  ferruginous  cement.  Seen  in  bed  of 
the  creek  to  a  depth  of  about 1 

II.    SECTION  IN  THE  WEST  BANK  OF  BURR  OAK  CREEK,  NEAR  THE  CENTER  OF 
THE  SW.  K  OF  THE  SW.  5i  OF  SEC.  a6,  WALNUT  TOWNSHIP. 

FEET. 

5.  (1)  IhiU  yellow,  magnesian  limesitone   IV2 

4.  (1)  Yellow  dolomitic  marl  5 

3.  (1)  Yellow,   apparently   leeched     and    somewhat 

dolcmitic  limestone  of  fine  texture  con- 
taining fragments  of  a  Productus  and  Fen- 
estella   % 

2.  (1)  Dull  yellow  marl,  somewhat  dolomitic 3 

1.  (1)  Greenish,  sdightly  calcareous  --hale  containing 

irregular  shaped,  loaf-like  concretions  of  a 
tougli  ^Tay  quartz,  somewhat  resembling 
geodes,  but  diiferiug  from  these  in  always 
having  a  solid  center  and  in  showing  no 
crystals   3 

Seciions  on  Walnut  CrecA:.— Following 'Walnut  creek  we  find 
the  same  succession.  The  lowest  rock  exposed  in  the  bed  of  this 
creek,  about  one-fourth  of  a  mile  west  of  the  center  of  section 
2,  Lockridge  township,  is  identical  with  number  4  in  section  1 
above,  except  that  it  is  slightly  less  dolomitic  and  that  it  contains 
occasional  small  kernels,  or  lumps,  of  compact  calcareous  mate- 
rial, as  if  the  process  of  dolomitization  were  less  far  advanced. 
Along  the  bend  to  the  south  which  this  stream  makes  in  sections 
2  and  '5  these  dolomitic  beds  are  exposed,  and  above  them  we  find 
sandy,  cross-bedded  limestones  rising  thirty  or  forty  feet.  These 
continue  for  four  miles  above  and  are  in  turn  overlain  by  bree- 
ciated,  more  calcareous  and  less  sandy  limestone  ledges,  as  may 
be  seen  in  sections  19,  20  and  29  in  Walnut  township,  and  in  sec- 
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tions  24,  25  and  26  in  Penn  township.  Still  farther  up,  as  in 
sections  21,  23,  26  and  27,  yet  higher  beds  occur  above  these,  in 
the  banks  of  the  main  creek  and  its  forks  and  these  consist  of 
quite  evenly  bedded  gray  limestones  and  marls.  The  cross- 
bedded  sandy  rock  is  particularly  well  exposed  in  the  right  bank 
of  the  creek  along  the  east  line  of  tlie  northeast  quarter  of  section 
29  in  Walnut  township.  The  relation  and  characteristics  of  the 
diflFerent  divisions  are  well  represented  in  the  following  sections: 

ni.    SECTION  IN  A  RAVINE  AND  IN  A  STONE  QUARRY  IN  THE  SW.  H,  OF  THE  SE . « 

OF  SEC.  3,  LOCKRIDGE  TOWNSHIP. 

FEET. 

5.  (3)  White,  weathered  limestone-breccia,  weather- 
ing into  angular  fragments.  Some  of  thds 
breccia  is  arenaceous,  with  imbedded 
pieces  of  pure  white  limestone.  Occasion- 
ally an  almost  pure  sand  fills  the  inter- 
stices between  the  blocks  and  fragment* 
of  the  brwccia.  (Seen  above  the  stone 
quarry.)   5 

4.  (3)  YeUow  clay  and  marl   3% 

3.  (2)  Porous  limestone  of  dark  gray  color.  It  con- 
tains occasional  nodules  of  chalcedonic 
quartz.  In  some  places  it  gives  a  faint  bi- 
tuminous odor,  ^vftien  struck  by  the  ham- 
mer. It  contains  a  small  and  variable 
amount  of  weU  rounded  sand  grains  and 
also  of  calcareous  fragments  of  a  different 
and  finer  texture  from  that  of  the  main 
matrix.  In  places  the  rock  contains  scat- 
tered clear  crystals  of  calcite  measuring 
about  one-eighth  of  an  inch  in  length.  These 
are  occasionally  ddssolved  out  leaving  small 
cavities.  Some  of  the  larger  quartz 
sand  grains  and  small  pebbles,  which  this 
rock  contains,  have  shallow,  concave  depres- 
sions on  the  surface.  These  have  appcuent- 
ly  been  produced  by  solvent  action  of  the 
ground  water.  In  three  rock  specimens, 
carefully  examined,  different  stages  of  thds 
etching  were  noticed.  Its  extreme  result  is 
the  production  of  a  porous,  calcareous?  rock 
with  only  a  few  imbedded,  angular,  siliceous 
particles.  (The  main  quarry  rock  In  Wal- 
gren's  quarry)   7 

2.  (2)  Porous,   grayish  yellow  limestone,  somewhat 
irregularly    bedded,    and    considerably    af- 
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fected  by  weathering  and  leaching  (ex- 
posed below  the  quarry)    5 

1.  (1)  Dolomitic  marl,  almost  stony  above  and  more 

shaly  below.  Wihen  crushed  and  examdned 
under  the  microscope  the  marly  material 
is  seen  to  consist  of  very  small  rhombo- 
hedral  crystals,  which  effervesce  tardily  in 
moderately  strong  acids.  (Exposed  in  a 
ravine  below  the  quarry.)   8 

IV.  i>ECT10N    IN   THE    LEFT    BANK   OF   WALNUT   CREEK,    ABOUT  TWENTY  RODS 
SOUTHEAST  OF  THE  CENTER  OF  THE  SW.  K  OF  SEC.  20,  WALNUT  TOWNSHIP. 

VEET. 

2.  (3    &   4)  Gray,   partly   breccdated   limestone    (not 

well    exposed) 20 

1.  (2)  Sandstone    and    arenaceous     limestone,     Ire- 

quently   cross-bedded    25 

V.  SECTION  IN  THE  SOUTH  BANK  OF   WALNUT  CREEK,  ABOUT  ONE  FIFTH  OF  A 

MILE  WEST  OF  THE  EAST  LINE  OF  SEC.  19,  WALNUT  TOWNSHIP. 

FEET. 

3.  (4)  Gray,  hard  limestone,  slightly  brecciated  and 

broken,  and  with  some  thin  seams  of  marl 
between    some    of    the    ledges    10 

2.  (3)  A  stony  marl  containing  a  small  and  almost 

spherical  Seminula  in  abundance,  and  lumps 
of  concretionary  limestone,  and  of  oolitic 
limestone.  The  oolitic  spherules  average  one 
half  of  a  millimeter  in  diameter  and  are 
mingled  with  occasional  larger  lumps  of 
compact  limestone.  Most  of  them  are  ellip- 
tical in  cross  section  and  consist  of  a  dark 
central  plate  which  is  surrounded  by  a  light- 
colored  thick  envelope,  which  again  is  sur- 
rounded by  a  thin  crust  of  dark  color  on 

the  outside   }-^ 

1.  (3)  Flexed,  faulted  and  brecciated  ledges  of  hard 

gray   limestone    10 

VI.  SECTION    IN    THE    NORTH    BANK   OF  WALNUT  CREEK,    AT   THE    SOUTHEAST 

CORNER  OF  SEC.  24,  PENN  TOWNSHIP. 

FEET. 

(2)  Slanting  and  cross-bedded  ledges  of  limestone 
alternating  with  more  massive  ledges  of 
mortar-rock.  The  latter  is  in  places  seen  to 
have  promiscuously  arranged,  curving,  tubu- 
lar cavities  of  variable  diameter,  which  are 
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filled  with  calcite.  The  mortar-rock  con- 
sists of  a  calcareous  matrix  making  from 
ten  per  cent  to  forty  per  cent  of  the  bulk, 
and  containing  imbedded  well-rounded  sand 
grains,  the  prevailing  Size  of  which  in  one 
hand  specimen  was  from  one-third  to  one- 
fourth  of  a  millimeter  in  diameter.  In  same 
specimen  ninety-eight  per  cent  of  the 
grains  consisted  of  white  quartz,  l^e  re- 
mainder consisted  or  quartz  of  an  amethyst 
pdnk  color,  bright  green  grains,  and  some 
dark  quartz.  Some  spherical  grains  of  lime 
carbonate  were  elso  observed,  and  resem- 
bled oolotic   spherules    12 

VII.  SECTION  IN  THE  SOUTH  BLUFF  OF  THE  NORTH  BRANCH  OF  WALNUT  CREEK 

NEAR  THE  SOUTHWEST  CORNER  OF  SEC.  a3,  FENN  TOWNSHIP. 

FEET.    INCHES. 

3.  (4)  Grayish  white  limestone  in  thin  ledges 3 

2.  (4)  Grayish  white  limestone  in  a  sdngle  solid 
ledge,  with  curving  flattened  stems  resem- 
bling fucoids  impressed  into  the  upper  sur- 
face. It  contains,  esx>ecially  near  its  lower 
surface,  Pugnax  ottumwa  White,  Seminula 
trinuclea  Hall,  and  Spirifer  keokuk  Hall.  2yo 
1.  (4)  A    thin    seam    of    shaly    material    containing 

Pugnax  ottumwa  White,  in  abundance Vs 

VIII.  SECTION  IN  THE  NORTH  BANK  OF  THE  MIDDLE  BRANCH  OF  WALNUT  CREEK 

IN  THE  NE.  H  OF  THE  SE.  H  OF  SEC.  ii,  FENN  TOWNSHIP. 

FEET. 

(4)  Grayi^  white  limestone  with  some  seams  of 
shale  containing  Pugnax  ottumwa  White,  P. 
grosvenori   Hall,   Seminula   trinuclea   Hall, 
Spirifer    keokuk    Hall,    Deltodopsis    stludo- 
vici  St.  J.  and  W.  (?)    6 

Sections  on  Rocky  Branch.— On  Rocky  branch,  which  is  a  tribu- 
tary to  Walnut  creek  and  comes  in  from  the  west,  following  the 
south  boundaries  of  Penn  and  Walnut  townships,  rock  exposures 
are  fi'equent  and  the  same  succession  is  seen  except  that  the  lower 
dolomitic  beds  do  not  come  into  view.  The  sandy  ledges  occur 
farthest  down  and  appear  as  far  up  as  in  the  northeast  quarter 
of  section  6  in  Lockridge  township.  The  upper  marls  and  regu- 
larly bedded  limestones  appear  in  section  36  in  Penn  township 
and  in  section  1  in  Buchanan  township.  Only  a  few  of  the  local 
details  can  be  given. 
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IX.  SECTION  IN  THE  SOUTH  BLUFF  OF  ROCKY   BRANCH.  IN  THE  NW.  %  OF  THE 

NW.  H  OF  SEC.  3.    LOCKRIDGE  TOWNSHIP. 

FEET. 

4.  (3)  White,   somewhat   brecciated  limestone   with 

cakes  of  yellow  chert  (not  well  exposed) . .     5 

3.  (3)  Marly  band  mth  a  small  and  almost  spher- 

oidal  Seminula    y, 

2.  (3)  Brecciated,    light-colored    limestone    (imper- 

fectly exposed)    6 

1.  (2)  Cross-bedded    and    variable    mortar-rock    and 

limestone    30 

X.  SECTION  IN  THE  BED  OF  A   RAVINE  GOING  SOUTH   INTO  ROCKY   BRANCH   IN 

THE  SW.  U  OF  THE  SE.  }^  OF  SEC.  31,  WALNUT  TOWNSHIP. 

FEET. 

4.  (?)  Brecciated  white  limestone  in  a  solid  ledge, 

which   is   fossiliferous   below 3 

3.  (3)  Greenish   marl   with    fossils    which    are     de- 

formed,   mostly    Pugnax    Vs 

2.  Concealed   2 

1.  (2  and  3)  I^mnnated     sandstone     Changing    into 

limestone   above    2% 

XI.  SECTION  UNDER  THE  BASE  OF  THE  WF^T  BLUFF  OF  A  SOUTH  TRIBUTARY  TO 

ROCKY  BRANCH  IN  THE  NE.  Ji  OF  THE  NW.  H  OF  SEC.   8,  LOCKRIDGE 

TOWNSHIP.    [MONSON'S  QUARRY.] 

FEET. 

5.  (3   or  4)  Fine-grained,   compact  limestone  of  al- 

most lithographic  texture,  and  containing 
,      small   spherical    aggregarates   of   pyrites . .      1  >^ 

4.  (3  or  4)  Soft,  gray  limestone  in  thin  courses...     2 

3.  (3  or  4)  Gray  limestone  in  a  single  ledge 2^ 

2.  (3)  Dark  gray,  compact  and  slightly  bituminous 

limestone,  which  is  unequally  aifected  by 
acids  taken  from  different  spots,  being  dolo- 
mitic  in  some  places  and  calcareous  else- 
where. A  hand  specimen  was  seen  to  be 
made  up  of  a  compact  aggregate  of  some- 
what obscurely  limited,  fine  particles  of 
varied  shape,  some  being  organic  fragments 
and  some  appearing  like  accretions  of  a  cal- 
careous  precipitate    Vi 

1.   (3)  Blue  shaly  marl,  exposed  *^ 

Sections  on  Turkey  Creek  and  adjacent  Ravines.— In  the  north- 
eastern part  of  Lookridge  township  the  Saint  Louis  rocks  have 
their  greatest  vertical  development  in  this  county.  This  region 
drains  into  Skunk  river,  whose  channel  lies  nearly  200  feet  below 
the  highest  adjacent  uplands,  and  the  smaller  streams  afford  sev- 
eral deep  and  comparatively  narrow  valleys  exposing  the  bed 
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rock.  In  '* Cedar  Bluff,"  on  the  west  bank  of  Skunk  river  and 
at  the  north  line  of  section  13  in  Lockridge  township,  all  the  divis- 
ions in  the  preceding  sections,  except  the  uppermost,  appear  in 
succession.  They  show  the  effects  of  weathering  and  of  leaching 
by  the  underground  water.  Occasionally  there  are  indications 
of  small,  ancient  cavernous  openings  which  have  been  partly 
filled  and  collapsed,  causing  local  brecciation.  In  a  small  ravine 
in  the  southeast  quarter  of  section  24  in  Lockridge  township  two 
large  crystalline  masses  of  Iceland  spar  lay  near  a  small  exposure 
of  limestone,  in  which  several  fissures  filled  with  the  same  mineral 
were  noted.  One  of  these  masses  was  sixteen  inches  in  diameter. 
•The  following  sections  are  typical  of  the  region: 

XII.    SECTION  IN  p.  W.  LYON'S  QUARRY  IN  THE  NORTH  BANK  OF  TURKEY  CREEK 
NEAR  THE  CENTER  OF  THE  NE.  K  OF  SEC.  ii,  LOCKRIDGE  TOWNSHIP. 

FEET. 

9.  (3)  Compact,  grayish  white  limestone,  consider- 
ably weathered   1 

8.  (3)  Yellowish  gray  marl,  with  more  solid  cal- 
careous lumps   2 

7.  (3)  Greenish  shale    iVa 

6.  (3)  Breccia  of  sandy,  yellow  marl  with  angular 
lumps  of  limestone  of  fine  lithographic 
texture  and  round  concretions  of  less  fine 
texture.  This  breccia  is  overlain  by  a  con- 
tinuous layer  of  laminated  limestone.  The 
round  concretions  have  a  brecciated  struc- 
ture, showing"  fragments  of  varied  tex- 
ture and  some  fine  branching  joints, 
which  have  been  healed  by  infiltration. 
The  laminated  layer  which  overlies  con- 
tains a  very  few  small  gravis  of  quartz 
and  is  itself  composed  of  an  aggregation 
of  small  grains  or  lumps  or  compact  cal- 
careous material.  These  lie  closely  ap- 
pressed  and  are  in  some  places  flattened, 
as  if  by  pressure  in  a  vertical  direction. 
Some  minute  stylolithic  joints  are  seen, 
and  there  are  a  few  very  small  imbedded 

shells  of  a  brachiopod  5 

5.  (3)  Greenish  gray  clay    2 

4.  (2)  Yellow  limestone    1 

3.   (2)    Greenish,    shaly    marl    V4 

2.  (2)  Mortar- rock,  changing  downward  into  a 
more  pure  sandstone.  The  upper  part  is 
brownish  in  color  and     the     cement     in 
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which  the  sand  lies  is  partly  dolomitic. 
In  one  hand  specimen,  which  was  care- 
fully examined  the  quartz  grains  were  from 
one-eighth  to  two  millimeters  in  diameter. 
The  grains  exceeding  one  millimeter 
were  very  generally  rounded,  while  those 
below  this  size  were  mostly  angular. 
Mica  occurred  sparsely.  Joints  of  crinoid 
stems  and  some  tubes  of  a  bryozoan  were 
noted.  Another  specimen  from  the  base 
of  this  ledge  was  a  fine-grained  and  fri- 
able sandstone  with  a  sparse  and  wholly 
dolomitic  cementing  matrix.  The  sand 
grains  were  mostly  from  one-half  to  one- 
fourth  millimeters  in  diameter.    Mica  was 

present,    but    sparse    5 

1.  (2)  Obliquely  bedded  mortar-rock  consisting  of 
about  one-third  of  its  bulk  of  arenaceous 
material,  with  occasional  lumps  of  clay 
and  with  some  interbedded  thin  seams  of 
bare  matrix  without  sand.  The  bulk  of  the 
sand  in  one  hand  specimen,  consisted  of 
grains  from  one-fourth  to  one-half 
millimeters  in  diameter,  quite  gener- 
ally rounded.  The  material  represented 
was  in  the  main  translucent  quartz. 
Some  of  the  grains  were  light  colored  and 
dark  chert,  and  a  few  mica  quartz  scales. 
Joints  of  crinoid  stems  and  tubes  of  some 
bryozoa  were  also  found.  The  cementing 
material  was  seen  to  be  of  variable 
abundance  along  diiferent  bedding  planes, 
and  some  of  it  effervesced  readily  and 
some  tardily  under  the  action  of  acids. 
The  slow  eifervescence  was  particularly 
noticeable  along  some  bluish  gray  and 
compact  layers,  which  were  interlamin- 
ated  with  the  otherwise  porous  and  coarse- 
textured  bulk  of  the  rock.  The  surface 
of  this  ledge  was  covered  with  a  white 
eiflorescence  of  magnesium  sulphate 11 

XIII.     SECTION   IN   THE  SOUTH   BANK  OF  TURKEY  CREEK.  THIRTY  RODS  NORTH- 
WEST  OF  THE  SOUTHWEST  CORNER  OF  SEC.  lo,  LOCKRIDGE  TOWNSHIP. 

FBBT. 

3.  (4)  Gray    limestone    1^ 

2.   (3)    Shaly   marl  with   Seminula    y, 

1.  (3)  Limestone,  marly  below   4V4 
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XIV.    SECTION  IN  "CEDAR  BLUFF"  AT  THE  MOUTH  OF  RATILESNAKE  CREEK, 
ONE-FOURTH  MILE  EAST  OF  THE  SOUTHWESI  CORNER  OF  SEC.  ii, 

LOCKRIDGE  TOWNSHIP. 


22.  (4)  Somewhat  brecciated  but  otherwise  compact 

grayish   white   limestone    2 

21.  (4)  Green  shaly  material    1 

20.  (4)  Brecciated    gray    Iime.s<one    1 

19.  (4)  Thinly  laminated  stony  calcareous  material         1/^ 
18.  (4)  Brecciated  and  in  part  laminated  gray  lime- 
stone         2y2 

17.  (4)  Seam  of  shaly  material   % 

16.  (4)  Brecciated  gray  limestone    1"^ 

15.  (3)  Shaly  marl  with  some  concretions  of  calcar- 
eous material  and  a  small,  almost  spheri- 
cal  form  of  Seminula   >4 

14.  (3)  White,  incipiently  brecciated  limestone,  with 
styloUthic  joints  along  some  seams  A 
hand  specimen  was  seen  to  be  a  compact 
rock  filled  with  minute  organic  fragments 
mostlv  so  small  as  to  fall  short  of  observa- 
tion  by  the  unaided  eye.    It  also  contained 

occasional  minute  oolitic  spherules 6 

13.  (3)  Dull  grayish  yellow  limestone   2 

12.  (3)   Yellow  shaly   marl    5 

11.  (3)  ^[assive  beds  of  soft,  earthy,  greenish  lime- 
stone weathering  into  spheroidal  masses 
with  more  thoroughly  w€?athered  material 
between.  A  hand  specimen  was  seen  to 
be  of  a  fine  and  uniform  texture,  with 
some  faintly  marked  bedding*  planes. 
\Mien  crushed  and  examined  under  the 
microsc*oi>e  the  almost  entire  mass  was 
seen  to  consist  of  exc*»e<lingly  small  rhom- 
bohedral  crystals,  which  effervesced  slowly 

with  acids  ( dolomite )   3 

10.  (3)  Same  as  abo%e,  but  more  soft   2 

X  (3)  Soft  and  earthy  mortar- r<x*k.  consisting'  of 
abotxt  one-half  sand  and  the  other  half 
being'  a  calcareous  rnagneslan  matrix. 
The  bulk  of  the  sand  grains  are  from  one- 
fourth  to  one-half  of  a  millimeter  in 
diameter,  but  range  up  to  one  millimeter. 
The  finest  sand  is  mostly  ang'ular  but  the 
coarse  grains  are  well  rounded   3 

6.  (3)  Shaly  marL  containing  fragments  and  lumps 

of  limestone    4 

7.  (2)  Grayish  yelloi*-  and  soft  dolomitic  rock  with 

an  irregular  bedding  of  a  coneretioDary 
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3.  (4)  Gray  limestone  in  Kound  ledg-es,  contain- 
ing* frequent  cubic  crystals  of  pyrites  ....     2 

2.  (4)  Gray  limestone  with  the  npper  surface  of 
the  ledg'e  bearing"  occasional  fucoid  flat- 
tened curving  stems  some  six  inches  in 
length  and  an  inch  in  widest  diameter...     1 

1.  (4)  Gray  limestone  with  npi)er  surface   of   the 

ledge  frequently  studded  with  such  fossils 
as  Spirifer  keokuk  Hall,  Pugnax  ottumwa 
White  Allorisma,  sp.,  Productus,  sp.  and 

stems    of   crinoids    

About  a  quarter  of  a  mile  farther  up  this  creek  the  under]>4ng 
sandy  ledges  are  seen  in  the  left  bank,  and  above  this  place  the 
fossil-bearing  limestone  ledges  are  again  exposed  at  intervals, 
disappearing  under  the  drift  about  half  a  mile  from  the  east 
boundar)^  of  the  county.  Above  this  plac^  only  two  small  and 
widely  separated  occurrences  of  the  Saint  Ix)uis  beds  were  ob- 
served in  this  stream.  One  of  these  has  been  quaiTied.  It  is 
located  in  the  northeast  quarter  of  the  northwest  quarter  of  sec- 
tion 28  in  Lockridge  township.  The  other  locality  is  in  the  south 
bank  of  the  creek  in  the  west  half  of  the  southeast  quarter  of  sec- 
tion 10  in  Buchanan  townshi]).  In  both  of  these  places  the  ledges 
which  are  exposed  belong  to  the  up])er  fossil-bearing  division  of 
this  formation. 

On  AVolf  creek  only  one  exposure  was  noted,  and  this  was  quite 
small  and  belonged  to  the  same  horizon,  as  seen  from  the  follow- 
ing: 

XVIII      SECTION  IN  THE  BED  OF  WOLF   CREEK.    SOUTH   OF  THE  CENTER  OF  SEC- 

S,  ROUND  PRAIRIE  TOWNSHIP. 

FEET. 

2.  (4)   Lipfht    pray    marl    with      joints    of      crinoid 

stems,  lamellibranchs,  small  cyathophyl- 
lolds,  Anisotrypa  fistulata  Uhlr.,  Fenestella 
serratula  Uhlr.,  PhilHpsia  Cipygidium), 
Eumetria  marcyi  Shumard,  Derhya  keo- 
kuk Hall,  Pentremites  koninkiana  Hall, 
Productus  ovatus  Hall,  Seminula  trinuclea 
Hall,  Pugnax  ottumwa  White,  P.  grosven- 
ori  Hall,  Cleiothyris  roissyi  L'Eveille, 
Spirifer   keokuk   Hall,   Dielasma   formosa 

Hall,  Pinna   ( ?  fragment)    5 

J.  (4)  Gray  limestone  with  some  foF-sils  3 
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Sections  in  the  Cedar  Creek  Basin.— In  the  drainage  basin  of 
Cedar  creek  the  Saint  Louis  is  best  exposed  on  the  main  stream. 
A  thickness  of  nearly  sixty  feet  can  be  made  out  and  this  includes 
the  two  upper  divisions  seen  in  the  Skunk  river  drainage  basin. 
From  south  of  the  center  of  section  35  in  Round  Prairie  township 
to  the  west  line  of  section  36  in  Cedar  township  the  outcrops  are 
almost  continuous  in  the  banks  of  the  Cedar  creek,  and  after  an 
interruption  of  one-half  a  mile  of  Coal  Measure  rocks  it  continues 
two  and  a  half  miles  farther  up  the  creek.  Above  this  there  are 
only  two  other  points  at  which  it  rises  above  the  creek,  one  in 
the  northeast  quarter  of  section  24  and  another  somewhat  larger 
area  in  sections  9,  10  and  15  in  Liberty  township.  West  of  here 
it  has  not  been  observ^ed.  Most  of  the  tributaries  from  the  south 
in  Cedar  and  Round  Prairie  townships  cut  down  into  this  lime- 
stone as  far  as  their  courses  ran  in  this  county,  but  in  the  affluents 
from  the  north  it  is  seen  only  in  Ro<^k  creek,  where  it  appears  for 
two  miles.  The  following  sections  will  sufficiently  illustrate  its 
character  in  this  region: 

XIX.     SECTION  IN  THE  BANK  OF  CEDAR  CREEK   IN  THE  SW.  }i  OF  THE  SE.   H  OF 

SEC.  34,  ROUND  PRAIRIE  TOWNSHIP. 

FEET. 

5.  (4)  Gray  marl  containing  Pugnax  ottumwa 
White,  Productus  sp.,  Seminula  trinuclea 
Hall,  and  some  rhizopods   2 

4.  (4)  White  limestone  with  one  ledge  of  very  fine, 
almost  lithographic  texture.  A  ground 
specimen  of  the  latter  was  seen  to  con- 
tain scattered  imbedded  fragments  of 
small  brachiopods  and  dispersed  minute 
crystals   of   pyrites    2 

3.  (4)  (iray  limestone  of  ordinary  texture,  in 
ledges  varying  from  six  inches  to  one 
foot  in  thickness.  A  shaly  seam  near  the 
middle  was  studded  with  Pugnax  ot- 
tumwa White 5 

2.  Not   seen   here.     (What   follows   is   exposed 

about  fifteen  rods  farther  south  in  the  bed 
and  the  banks  of  the  "cut-off"  which  the 
creek  is  making  in  leaving  the  oxbow)..  30 (?^ 

1.  (3)  (J ray,  arenaceous  limestone  changing  down- 
ward into  softer,  yellow,  dolomitic  rtK'k. 
The  ledges  are  flexed  and  fractured  and 
in  places  brecciated.  In  the  middle  part 
t»f  the  exposure  there  i«  a  discontinuous 
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layer  of  breccia,  about  a  foot  thick, 
which  is  partly  silicified  and  has  a  very 
rough  exterior.  At  about  the  same  level 
silicified  specimens  of  Lithoatrotion 
canadense  Cast,  occur  and  below  this 
the  rock  contains  smooth  loavets  and 
balls  of  a  yellow  or  gray  chert,  which 
contains  frequent  casts  of  brachiopods, 
such  as  Derhya  keokuk  Hall,  Spirifer  lit- 
toni  Swallow  and  Pugnax  groavenori  Hall. 
Associated  with  these  chert  balls  and  also 
occurring  in  small  crevices  in  the  surround- 
ing rock  is  a  dark  green  earthy  clay 
containing  aluminum,  iron,  and  a  trace  of 
chromium.  The  same  ledges  have  crevices 
which  contain  some  very  clear  crystals 
of  Iceland  spar.  The^e  are  stained  green 
by  the  same  earthy  material.  One  frac- 
tured ledge  in  the  lower  part  of  the  ex- 
posure consists  of  a  fine-textured  and 
minutely  porous  limestone  which  con- 
tains indistinct  fragments  of  shells.  This 
is  cut  by  some  very  thin  fissures  filled 
with  limonite   10 

XX.    SECTION  IN  THE  NORTH  BANK  OF  CEDAR  CREEK,  EAST  OF  THE  SOUTHWEST 

CORNER  OF  SEC.  34.  ROUND  PRAIRIE  TOWNSHIP, 

FEET. 

6.  (3  and  4  ?)  Solid  ledges  of  gray,  partly  brecciat-, 
ed  limestone  with  some  layers  of  shaly 
marl   20 

6.  (3)  Marly  dolomitic  material 3 

4.  (3)  A  more  or  less  discontinuous  ledge  of 
cherty  gray  or  dark  quartz  showing  a 
peculiar  brecciated  structure  2 

3.  (3)  Yellow  or  gra^',  soft  limestone,  occasion- 
ally dolomitic  and  often  with  some  im- 
bedded sand  and  lumps*  of  brecciated  sili- 
ceous material.  In  places  it  is  coarsely 
brecciated  and  in  other  places  it  con- 
tains thin  layers  of  fine-textured  dolo- 
mitic rock  with  minute  lentils  of  lAth- 
ostrotion  canadense   Cast 5 

2.  (3)  Pure  calcareous  limestone  with  a  Seminula 
and  occasional  balls  or  loaves  of  chert 
with  casts  of  other  brachiopods.  Some 
small  fissures  in  this  ledge,  evidently  due 
to  incipient  brecciation,  were  observed  to 
be  filled  with  arenaceous  material 1^ 
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1.  (3)  Light  gray,  greenish  marly  shale  with  thin 
layers  of  pure  calcareous  rock.  Other 
layers  are  slightly  dolomitic  and  are  in 
places  cut  by  Tery  thin  fissures  healed 
with   crystalline  calcite    4 

XXI.    SECTION  IN  THE  SOUTH  BANK  OF  ROCK  CREEK  IN  THE  NE.  K  OF  THE  NE. 

H  OF  SEC.  32,  ROUND  PRAIRIE  TOWNSHIP. 


10.  (4)  Gray  marl   x^ 

9.  (4)  Limestone    »4 

8.  (4)  Gray  marl % 

7.  (4)  Limestone   1  ^ 

6.  (4)  Marl    % 

5.  (4)  Limestone    1 

4.  (4)    Yellow  marl   containing  Productus    ovatus 

Hall,   Productus     marginicinctus     Prout, 

Pugnax  ottumxca  White,   Spirifer  keokuk 

Hall,  Seminula  ^rinwcleo  Hall   (?),  Fenes- 

tella  serratula  Uhlr.,  Anisotrypa  fiatulata 

Uhlr.,    cyathophylloids   and    stems  of  cri- 

noids    5 

3.  (4)  Limestone   1 

2.  (4)  Marl  with  some  of  the  same  fossils  as  those 

above    }i 

1.  (4)  Quite  evenly  bedded  ledges  of  bluish  gray 

limestone    7^ 

XXII.    SECTION  IN  A  RAVINE  ABOUT  ONE-SIXTH  MILE  SOUTHWEST  OF  THE  CEn' 

TER  OF  SEC.  a3,  ROUND  PRAIRIE  TOWNSHIP. 

FEET. 

6.  (4)  Solid  grayish  white  limestone  on  the  upper 
surface  of  which  were  noted  Pugnax  ot- 
tumwa  White,  Spirifer  littoni  Swallow, 
Dieldsma  formosa  Hall,  D.  turgida  Hall, 

and  a  small  lamellibranch  5 

5.  (3)  Shaly  and  impure  limestone 5 

4.  (3)  Limestone  disintegrating  into  hard  and  thin 

layers   4^ 

3.  (3)  Arenaceous   shale    2 

2.  (3)  Irreguarly  bedded  gray  or  blue  soft  rock. ...    4 
1.  (2)    Cross-bedded   mortar-rock  with  some  shaly 

beds    20 
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XXIII.    SECTION  IN  THE  SOUTH  BANK  OF  CEDAR  CREEK    IN  THE  NE.  K   OF  SfiC  , 

34,  CEDAR  TOWNSHIF. 

FEET.    INCHES. 

5.  (4)  Grayish  white  limestone 4 

4.  (4)  Marly  limestone  with  two  bands  of  more  solid 
stony  material  near  the  middle.    This  con- 
tained Productus  marginicinctus  Prout.,  P. 
ovatus  Hall,     Pugnax     ottumwa     White, 
Spirifer  keokuk  Hall,  Seminula  trinuclea 
Hall,  Zaphrentis  pallaensis  Worthen,  An- 
isotrypa  fistulata    Uhlr.,    and    Allorisma 
marionensis  White   4 

3.  (4)  Band  of  limestone    7 

2.  (4)  Seam  of  shale  sharply  marked  off  above  and 

below    4 

1.  (4)  Grayish   wlhite   limestone,    the   npper   ledges 

having  a  fine  texture  and  being  bedded  in 
straight  courses  of  uniform  thickness....     6% 

XXIV.     SECTION    IN    AN   OLD   QUARRY    IN   THE   EAST    BANK   OF   CEDAR    CREEK 
NORTHEAST  OF  THE  CENTER  OF  SEC.  lo,  LIBERTY  TOWNSHIP. 

FEET.    INCHES. 

6.  Pockets  of  green  shale  belonging  to  the  Coal 

Measures. 

5.  (4)  Gray  limestone  weathering  into  round  bowl- 
ders, in  places  with  small  crevices  filled 
with  calcite.    Fragments  of  crinoid  stems 
and  brachiopod  shells  are  common 4 

4.  (4)  Light-colored  marl  with  occasional  stony  con- 

cretions.    This   marl   contains  Gleiothyris 
roissyi  L'Eveille,  Derbya     keokuk     Hall, 
Productus  ovatus  Hall,   P.   marginicintus 
Prout.,  Seminula   trinuclea   Hall,   Spirifer 
keokuk  Hall,  Lithophaga  pertenuis  M.  & 
W.     (?),     various    small    cyathophylloids, 
stems   pf  crinoids,     small     plates    of     an 
Archaeocidaris,     Endothyra     haileyi     Hall, 
Cytherellina  glandella   Whitfield,     Leper- 
ditia  carbonaria  Hall  and  minute  calcare- 
ous spines  of  various  forms 2 

3.   (4)  Gray    limestone    8 

2.  (4)  Marl  with  most  of  the  same  fossils  as  were 

found  in  number  4 3 

1.  (4)  Gray  limestone  containing  occasijonal  crystals 

of  pyrites  3 
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XXV.    SECTION  NEAR  THE  CHICAGO.  ROCK  ISLAND  &  PACIFIC  RAILROAD  IN  THE 

NW.  K  OF  THE  SE.  %  OF  SEC.  9.  LIBERTY  TOWNSHIP. 

FEET. 

2.  (4)  Grayish  white  marl  containing'  many  fossils 
such  as  Cleiothyris  roissyi  L'Eveille,  Der- 
bya  keokuk  Hall  (?),  Productus  ovatiLS 
Hall,  Pugnax  ottumtca  White,  P.  gros- 
venori  Hall,  Seminula  trinuclea  Hall,  Spiri- 
fer  keokuk  Hall,  AUarisma  marionensis 
White,  some  cyathophylloids,  some  bry- 
ozoa,  stems  of  crinoids,  and  some  rhizo- 
pods 4 

1.  (4)  Grayish  white  limestone  in  heavy  ledges,  con- 
taining some  pf  the  same  fossils  that  were 
found  in  the  marl  above.  A  polished  hand 
specimen  was  seen  to  have  occasional 
small  crevices  fille<l  with  calcite.  There 
were  also  frequent  imbedded  fragments 
of  stems  of  crinoids  and  shells  of  brachio- 
pods.  When  crushed  and  washed  it  yield- 
ed some  shells  r>f  rhizopods 4 

Sections  in  the  Des  Moines  Rirrr  Basin,  — In  the  drainage  area 
of  the  Des  Moines  there  are  also  a  few  places  where  the  deepest 
valleys  have  laid  bare  the  Saint  Louis.  These  are  in  Lick  creek 
at  and  near  the  junction  of  its  two  forks  in  section  30,  Liberty 
township.  Farthest  south  there  are  some  brecciated  and  slightly 
arenaceous  limestones  and  to  the  north  of  this  place  to  the  more 
regular  bedded  limestone  with  alternating  layei*s  of  marl.  We 
have  here  the  same  succession  and  no  doubt  the  same  beds  as  seen 
on  Cedar  creek.  In  the  southwest  quarter  of  the  southeast  quar- 
tei^  of  section  30  an  open  well  was  in  the  process  of  l>eing  blasted 
out  in  this  formation  at  the  time  of  the  sun  ev.    It  was  in  the  val- 

» 

lev  of  the  creek  close  to  the  south  bluff  and  showed  twentv  feet  of 
limestone  alternating  with  some  fine  arenaceous  beds  below  and 
some  shale  above.    The  natural  exix>sures  were  as  follows : 

XXVI.    IN  THE  BED  OF  LIZK  CREEK  NEAR  THE  CENTER  OF  SEC.  «5.   DES  MOINES 

TOWNSHIP. 

FEET. 

2.  (4)  stony  marl  containing  Seminula  trinuclea 
Hall,  Pugnax  ottumvca  Wliite,  Productus 
sp..  Pinna  (?)    (fragment),  Astartella  sp.. 

(?)    1 

1.  (4)  Solid  gray  limestone  with  some  fossils 2 
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XXVII.    SECTION  IN  THE  WEST  BANK  OF  THE  EAST  FORK  OF  LICK  CREEK  IN  THE 

NW.  K  OF  THE  SE.  y{  OF  SEC.  30.  LIBERTY  TOWNSHIP. 

FEET. 

6.  (4)  Gray  limestone  1 

5.  (4)  Gray  marl  with  some  fossils 2 

4.  (4)  Gray  limestone  2 

3.  (4)  Gray  marl  with  occasional  fossils 2 

2.  (4)  Heavy  ledges  pf  gray  limestone 4 

1.  (3)  Limestone,  occasionally  brecciated 9 

STRATIGRAPHY. 

In  the  foregoing  sections  an  attempt  has  been  made  to  refer 
the  resi)ective  numbers  which  have  been  described  to  one  of  the 
four  divisions  into  which  the  Saint  Louis  strata  can  be  divided 
in  this  region.  These  divisions  have  been  indicated  for  each 
member  by  figures  in  brackets.  They  correspond,  in  the  main, 
to  the  divisions  previously  made  out  for  the  Saint  Louis  in  Wash- 
ington county  by  Bain,  and  which  will  here  be  designated  by 
names  essentially  as  proposed  by  him,  viz: 

AFPBOXIMATE  THICKNESS   IN  FEET. 

(4)  PeUa  beds 17 

(3)  Upper  Verdi  beds 30 

(2)  Lower  Verdi  beds 30 

(1)  Springe-ale  beds  18 

Total 96 

The  Verdi  beds  have  been  separated  into  an  upper  and  a  lower 
division.  It  is  quite  probable  that  neither  the  lowermost  part  of 
the  Springvale  beds,  which  make  the  base  of  the  section,  nor  the 
uppermost  part  of  the  Upper  Pella  beds,  which  constitutes  the 
top  of  the  formation,  are  seen  in  this  county.  It  is  therefore 
likely  that  the  Saint  Louis  exceeds  in  thickness  the  ninety-five 
feet  which  appear  in  this  county.  A  brief  general  description 
may  now  be  given  of  each  of  the  four  divisions. 

The  Springvale  Beds.— These  consist  of  soft  dolomitic  lime- 
stones interbedded  witli  dolomitic  marly  shales  and  some  sand- 
stone of  fine  texture.  The  dolomite  consists  of  an  aggr^ate  of 
crystals  of  minute  but  varying  sizes.  It  frequently  contains 
small  lentils  of  green  clayey  material,  is  here  and  there  traversed 
by  thin  and  curving  fractures  which  have  been  filled  with  clear 
crystalline  calcite  and  occasionally  contains  a  small  admixture 
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of  fine  sand.  With  the  aid  of  a  hand  lens  some  minute  straight 
tubules  are  commonly  seen  in  these  ledges.  The  shaly  beds  are 
often  marly  and  dolomitic.  Some  are  apparently  disintegrated 
and  leached  dolomite.  The  more  clayey  beds  contain  solid  spher- 
oidal concretions  of  chalcedonic  quartz,  measuring  from  two  to 
eight  inches  in  diameter  and  resembling  geodes  in  form.  In  the 
limestones,  impressions  or  imperfectly  preserved  fossil  remains 
were  noted  representing  stems  of  crinoids,  a  species  of  a  Produo- 
tus,  and  Hemitrypa  fronta/na  Uhlr. 

The  Lower  Verdi  Beds.—AMove  the  magnesian  limestones  and 
shales  just  described,  there  is  usually  some  exceedingly  variable 
material  most  of  which  might  be  called  mortar-rock  as  it  consists 
of  sand  cemented  together  by  a  calcareous  or  magnesian  matrix. 
The  sand  may  be  fine  or  coarse,  the  matrix  may  be  calcareous  or 
dolomitic,  and  the  ratio  between  the  sand  and  the  matrix  may 
vary  to  the  exclusion  of  either  one  of  the  two,  when  there  is  pure 
sandstone  on  the  one  hand,  and  pure  limestone  on  the  other.  By 
the  increase  of  clayey  material  either  of  these  rock  varieties  may 
become  shaly.  The  limestones  are  hard  and  compact,  or  marly. 
The  mortar-rock  and  the  sandstones  may  be  regularly  bedded,  or 
they  may  be  most  diversely  cross-bedded.  Frequently  the  alter- 
nating thin  seams  have  an  unequal  amount  of  matrix  and  sand. 
Finally,  any  of  these  variations  and  sediments  may  be  brecciated 
and  mingled  with  each  other  promiscuously.  Dolomitic  layers 
are  apt  to  exhibit  occasional  thin  fissures  filled  with  crystalline 
calcite.  The  arenaceous  material  ranges  in  the  sizes  of  the  grains 
from  pebbles  half  an  inch  in  diameter,  which  are  rare,  to  the  fin- 
est discernible  particles.  It  is  usually  well  sorted  for  each  layer, 
and  all  the  medium  sized  grains  are  well  rounded.  Ninety-five 
per  cent,  if  not  more,  consist  of  clear  white  quartz.  The  remain- 
der is  mica,  a  few  pink,  purple,  and  green  grains  among  the  fin- 
est materials,  and  some  chert  and  some  calcareous  fragments 
among  the  largest  i)ebbles.  At  one  place  there  was  seen  in  a 
coarse  and  very  sandy  mortar-rock  of  this  division  some  curving 
tubular  cavities  in  the  sand  (section  VI).  These  are  filled  with 
calcite  so  as  to  make  the  rock  perfectly  compact  and  they  pre- 
sented an  appearance  which  suggested  an  organic  agency,  as  if 
produced  by  some  boring  animal.    At  several  other  places  there 
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were  noted  small  and  single  joints  of  crinoid  stems.  A  bryozoan 
or  a  coral,  somewhat  like  a  Monticutipora  and  consisting  of  closely 
appressed  and  nearly  parallel  tubes,  which  were  quite  fragile 
and  poorly  preserved,  was  seen  in  several  places  in  the  mortar- 
rock,  associated  with  crinoid  joints. 

The  Upper  Verdi  Eeds.—The  arenaceous  members  just  de- 
scribed change  upward  into  brecciated,  less  sandy,  and  less  fre- 
quently dolomitic  limestone.  At  this  horizon  there  are  some  very 
fine-grained  calcareous  ledges,  in  which  lie  imbedded  fragments 
of  thin  brachiopod  shells,  and  occasional  oolitic  spherules.  The 
siliceous  material  is  often  gathered  into  concretionary  masses, 
sometimes  of  great  size.  There  are  silicified  corals,  and  nodules 
of  chert  containing  moulds  of  brachiopod  shells.  In  the  valley 
of  Cedar  creek  large  lenses  of  a  tough  gray  or  almost  black  quartz 
of  a  peculiar  brecciated  structure,  as  if  deposited  by  infiltration 
along  closely  intersecting  joints,  are  seen  replacing  parts  of  cer- 
tain ledges  (Fig.  GO).  One  of  these  masses  was  six  feet  wide 
and  two  feet  thick  near  the  middle,  having  a  hemispherical 
shape  with  the  convex  side  up.  Several  fossils  occur  at  this  hori- 
zon, viz : 

Lithostrotion  canadense,  Cast,  (usually  though  not  always, 
silicified.     Seen   in  sitv). 
Derhya  keokuk  Hall  (moulds  in  chert  nodules). 
Pugnax  grosvenori  Hall    (large,  moulds  in  chert.) 
Seminula    sp. 

Spirifer  keokuk  Hall   (in  chert). 
Leperditia    carbonaria    Hall     (large    and    black). 
Ganoid?  (plate-like  scales). 

In  the  creeks  draining  into  Skunk  river  there  occurs  near  the 
top  of  this  division  a  shaly  or  marly  seam,  usually  about  six  inches 
in  tliickness,  which  can  be  recognized  at  points  several  miles 
apart.  It  lies  between  two  ledges  of  solid  limestone,  which  are 
sometimes  slightly  broken  or  brecciated.  In  correlating  local 
sections  this  seam  serves  as  an  important  landmark,  and  there- 
fore deserves  special  attention  here.  It  is  number  2  of  section  V, 
number  3  of  section  IX,  number  2  of  section  XIII,  number  15  of 
section  XIV,  and  number  2  of  section  XVI.  It  is  also  seen  east 
of  the  wagon  road  in  the  north  bluff  of  Rocky  branch  near  the 
northwest  comer  of  section  3,  Lockridge  township,  and  near  a 
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spring  west  of  the  wagon  road  in  a  small  tributary  to  Walnnt 
creek  from  the  north,  near  the  center  of  the  southwest  quarter  of 
the  southwest  quarter  of  section  21,  Walnut  township.  This  layer 
contains  invariably  and  in  profusion  a  Seminula  with  very  eon- 
vex  valves  and  of  small  size,  so  as  to  be  of  the  size  and  shape  of 
a  pea.    The  valves  are  frequently  dissolved  away,  leaving  a  mere 
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calcareous  kernel,  in  which  the  spirals  of  the  fossil  sometimee 
appear.  At  otlier  places  these  shells  may  be  covered  by  an  en- 
veloping calcareous  crust,  and  simulate  roughly  shaped  pisio- 
liths.  Associated  with  these  shells  there  are  calcareous  concre- 
tions or  balls,  usually  slightly  Battened  and  about  an  inch  in  diam- 
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eter.  In  the  interior  of  these  there  are  irregular  pockets  of  a 
white  calcareous  flour.  The  seam  may  be  said  to  consist  of  these 
concretions  and  of  the  small  Seminula  shells,  imbeddeed  in  a 
shaly  or  marly  sparse  matrix.  On  the  surface  of  one  of  these  con- 
cretions were  noted  some  minute  brachiopods  and  Leperditia  car- 
bonaria  Hall.  Occasionally  a  part  of  the  bed  consists  of  lumps 
of  fine  oolitic  limestone.  The  Seminula  is  regarded  by  Schuchert 
as  being  an  undetermined  species  different  from  Seminula  trinu- 
clea  Hall,  which  occurs  in  the  Pella  beds  farther  up  in  the  section. 
In  several  places  springs  issue  from  the  ground  two  or  three 
feet  below  this  shaly  seam. 

The  Pella  Beds.— These  consist  mostly  of  heavy-bedded  ledges 
of  compact,  calcareous  limestone,  alternating,  especially  above, 
with  seams  of  greenish  marly  shales.  Occasionally  the  limestone 
is  slightly  broken  up  and  brecciated.  Some  ledges  have  a  ver>' 
fine  texture.  Were  it  not  for  the  presence  of  bits  of  fossils,  and 
crystals  or  irregularly  shaped  grains  of  pyrites  these  ledges 
might  be  called  lithographic  limestone.  The  pyrites  is  usually 
in  cubic  crystals,  about  an  eighth  of  an  inch  in  diameter.  The 
shales  or  marls  are  sometimes  quite  hard  and  stony.  Fossils  are 
common  in  the  limestones  and  quite  abundant  in  the  marls,  con- 
sisting of  a  few  si>ecies  of  brachiopods,  lamellibranchs,  cyath- 
phylloids,  brj^ozoa,  ostracods  and  rhizopods.  The  latter  occur  both 
in  the  limestone  and  in  the  marls.  A  list  of  the  fossils  obser^^ed 
by  tlie  author  is  here  given.  The  appended  figures  indicate  the 
number  of  localities  at  which  each  species  has  been  noted. 

Endothvra  bat  ley  i  Hall,  5. 

Other  rhizopods,  not  identified.  4. 

Zaphrentis  pellaensis  Worthen,  8. 

Pentremites  koninckiana  Hall,  1. 

Archaeocidaris  (spines  and  separate  plates,  small),  2. 

Crinoids  (stems),  10. 

Spirorbis  (?),  1. 

Anisotrypa  fistulosa  Uhlr.,  6. 

Fenestella  serratula  Uhlr.,  3.  \ 

CUiothyris  roissyi  L»Eveille,  8. 

Derbya  keokuk  Hall,  4. 

Dielasma  fonnosa  Hall,  2. 

Dielasma  turgida  Hall,  1. 

Eumetria  marcyi  Schumard,  1. 

Productus  marginicinctus  Prout,  8. 

Productus  ovatus  Hall,  0. 
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Pugnax  grospenari  Hall,  4. 
Pugnax  oUumwa  White.  13. 
Seminula  trinucUa  Hall,  8. 
Semtnula  sp.  undet.  7. 
Sfnrifer  keokuk  Hall.  7. 
Allarisma  marianensis  White,  3. 
AsiarUlla  sp.,  1. 

Lithophaga  pertenuis  M.  &  W.  (?),  2. 
Pinna  f  (fragmeDt.)  1. 
Cytherellina  glandella  Whitfield,  2. 
Leperditia  carbonaria  Hall,  8. 
Phillipsia  f  (pygidium.)  1. 
Deltodopsis  stludovici  St.  J.  and  W.,  1. 

The  Springvale  beds  and  the  Pella  beds  were  evidently  depos- 
ited some  distance  off  shore  in  comparatively  deep  and  quiet 
waters.  Individual  beds  persist  for  considerable  distances,  espe- 
cially in  the  latter.  The  presence  of  rhizopod  shells  in  these  also 
points  to  the  correctness  of  this  view.  With  regard  to  the  Verdi 
beds,  it  has  been  supposed  that  the  presence  of  sand,  often  cross- 
bedded,  and  the  brecciated  character,  especially  prominent  in  the 
Upper  Verdi,  should  indicate  littoral  conditions  of  deposition. 
Against  this  view  is  the  general  absence  of  plant  remains  and 
the  frequent  presence  of  crinoid  stems.  The  writer  would  remind 
readers  interested  in  this  question,  that  sand  quite  as  coarse  as 
that  in  the  Verdi  beds  is  found  associated  with  crinoid  stems  in 
deposits  now  forming  on  the  outer  slope  of  the  continental  shelf 
in  the  Atlantic  ocean,  at  depths  exceeding  3,000  feet.  This  sand 
is  always  well  worn  and  is  apparently  moved  by  bottom  currents. 
It  seems  that  such  currents  may  very  well  produce  cross-bedded 
deposits.  And  why  not  also  cause  brecciation  in  yet  plastic  rocks 
by  local  erosion  and  settling?  The  persistence  of  one  tliin  seam 
of  marl  over  many  miles  of  territory  testifies  at  any  rate  to  off 
shore  conditions  during  the  latter  part  of  the  Verdi  stage. 

But  little  need  be  said  on  the  subject  of  the  correlation  of  those 
deposits  with  the  Lower  Carboniferous  divisions  elsewhere.  The 
clays  of  the  Springvale  beds  resemble  those  of  the  Keokuk  in 
having  geode-like  concretions,  but  they  differ  from  them  most 
markedly  in  their  lack  of  fossils  and  in  their  dolomitic  character. 
Possibly  their  dolomitization  was  the  cause  of  the  destruction  of 
their  fossil  remains,  and  they  may  be  an  attenuated  equivalent 
of  the  Keokuk  formation.    There  is  no  decisive  evidence  on  this 
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point.  Here,  as  in  Washington  county,*  there  are  no  sharp  limits 
to  be  drawn  between  any  of  the  members  of  the  Saint  Louis  as 
above  described.  They  all  merge  into  each  other  by  slow  grada- 
tions in  composition,  bedding  and  structure. 

THE  DES  MOINES. 

By  far  tlie  greater  part  of  the  area  of  tlie  county  is  covered  by 

the  base  of  the  Coal  Measures,  usually  known  as  the  Des  Moines. 
Tliese  beds  overlie  the  eroded  and  uneven  surface  of  the  Saint 

Louis  fonnation  everywhere,  except  some  tracts  of  uncertain  ex- 
tent along  the  north  boundary  of  the  county  and  some  comi>ara- 
tively  narrow  strips  of  land  in  the  valleys  of  the  principal  streams 
where  the  underlying  Saint  Louis  has  been  laid  bare  and  appears 
as  alreadv  described.  The  Des  Moines  consists  of  shales  and 
sandstone  with  seams  of  limestone  and  coal  and  range  from  a  few 
to  at  legist  150  feet  in  thickness. 

Walnut  Toirnship.  — Over  the  northeast  part  of  this  township 
the  Des  Moines  has  been  mostly  removed  by  erosion,  for  it  is  only 
rarely  seen.  In  sections  1  and  2  the  valley  which  is  fol- 
lowed by  tlie  Iowa  Central  railroad  exposes  small  outliers  of  the 
Des  Moines,  mostly  sandstone.  Other  instances  of  small  outliers 
were  noted  in  Burr  Oak  creek,  near  the  center  of  the  west  line  of 
section  15 ;  in  a  ravine  near  the  southwest  corner  of  section  11 ; 
in  a  creek  in  the  southwest  quarter  of  the  southwest  quarter  of 
section  12  (w^here  it  consists  of  yellow  sandstone  with  imprints 
of  lepidodendron  and  with  iml>edde<J  i)iec*es  of  charcoal) ;  in  the 
road  following  the  east  line  of  the  southeast  quarter  of  section 
14;  to  the  east  of  Walnut  creek,  in  the  northeast  quarter  of  the 
northwest  quarter  of  section  28  (here  consisting  of  shales) ;  in 
the  noi-th  bank  of  Rocky  Branch  near  the  southwest  comer  of 
section  34  (also  shale).  Aside  from  these  occurrences  dark 
shale,  no  doubt  belonging  to  the  Coal  Measures,  have  been  en- 
countered in  some  wells  on  the  uplands,  as  in  the  northeast  quar- 
ter of  section  34,  and  in  the  south  half  of  section  14.  As  most  of 
these  obsei'vations  are  on  the  lowlands,  where  erosion  has  been 
most  extensive,  there  is  no  doubt  that  the  Des  Moines  underlies 
the  drift  on  considerable  tracts  of  the  uplands,  especially  to  the 
southwest. 


*  Bain;  Iowa  Geol    Sorv.,  Vol.  V,  p.  149. 
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Lockridge  Township.— Here  most  of  the  uplands  are  evidently 
overlain  by  the  Coal  Measures.  In  sections  4,  5  and  6  small  ex- 
posures are  occasionally  seen  in  the  bed  and  the  banks  of  Rocky 
Branch,  and  these  usually  consist  of  sandstone.  In  the  south- 
west <iuarter  of  the  southwest  quai-ter  of  section  14  coal  was  for 
some  lime  mined  in  a  seam  almost  in  immediate  contact  with  the 
underlying  Saint  Louis  marls.  On  Brush  creek  Coal  Measure 
shales  are  frequently  and  extensively  exposed,  and  coal  mines 
have  l)een  successfully  operated  for  a  long  time.  Near  the  north 
quarter  post  of  section  29  shales  and  shaly  sandstone  of  this  age 
rise  to  an  elevation  of  thirty  feet  above  the  bed  of  the  stream  in 
its  south  bank,  and  near  the  bridge  in  the  wagon  road  close  by 
these  are  interbeddod  with  a  seam  of  coal  about  fourteen  inches 
in  thickness.  In  section  27  there  have  been  some  of  the  produc- 
tive mines  in  the  county,  and  shales,  shaly  sandstone  and  thin 
seams  of  coal  are  frequently  exposed  in  the  south  bank  of  the 
creek.  Again,  in  section  36,  in  a  run  crossing  the  northwest  cor- 
ner of  the  section,  coal  has  also  been  mined  and  there  is  exposed 
a  ledge  of  yellowish  gray,  hard  sandstone  some  twelve  feet  in 
thickness  and  containing  imprints  of  leaves  and  stems  of  Stig- 
maria.  Several  of  the  upland  wells  have  entered  black  shales 
and  sandstones,  evidently  belonging  to  the  Coal  Measures.  f 

The  nature  of  the  formation  in  this  township  is  well  shown  in 
some  of  the  explorations  that  have  been  made  in  connection  with 
the  mining  of  coal.  The  shaft  of  the  mine  just  mentioned  was 
only  25  feet  deep.  lender  the  surface  dirt  there  was  first  some 
sandstone  and  then  dark  shale,  under  which  lay  the  coal  seam,  in 
all  42  inches  in  thickness.  This  consisted  of  eight  inches  of  a 
tough  cannel  coal  above,  thirteen  inches  of  ordinary  bituminous 
coal,  then  three  inches  of  fire  clay,  and  below  this  eighteen  inches 
of  bituminous  coal.  The  bank  was  worked  for  a  couple  of  seasons 
and  then  abandoned  on  account  of  water.  In  section  27  coal  has 
been  mined  for  the  last  forty  years,  and  most  of  the  coal  lias  been 
removed  from  the  entire  northeast  quarter  of  the  southwest  quar- 
ter of  the  section.  The  seam  lies  at  an  elevation  slightly  below 
the  level  of  Brush  creek.  It  has  been  found  to  be  occasionally 
traversed  by  horsebacks  of  shaly  material,  locally  known  as 
*  *  rolls, ' '  but  these  have  not  been  of  such  frequency  as  to  serious- 

26  G  Rep 
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ly  affect  the  mining  operations.  Some  faults  have  also  been  en- 
countered. The  McGregor  shaft,  which  was  located  on  the  north- 
west comer  of  the  northwest  quarter  of  the  southwest  quarter  of 
this  section,  and  on  the  bottom  of  a  south  tributary  of  brush 
creek,  was  only  a  little  more  than  fifty  feet  deep,  going  through 
the  following  section: 

I.    SECTION  OF  THE  McGREGOR  COAL  SHAFT. 

FEET. 

12.  Surface  material  (drift)   10 

.12.  Surface  material  (drift) 10 

11.  Clay  shale  3 

10.  Blue   shale    8 

9.  Coal    2 

8.  Fire  clay    2 

7.  Shale  and  black  miner's  slate,  which  was  quite 

bituminous  and  had  a  brown  streak 25 

6.  Coal    SVa 

5.  Seam  of    pyrites    Vi 

4.  Coal 1 

3.  Fire  clay   3 

2.  Green  shale   8 

1.  Hard  black  rock   with   some   shells    (probably 

Saint  Louis  limestiDne) 1 

Most  of  the  coal  in  this  seam  in  the  fortv  acre  tract  east  of  this 
has  hi^en  mined  bv  W.  Brown  &  Co.  Some  acres  are  left  near  the 
center  of  the  section  (27)  and  a  mine  is  now  oj^erated  on  this 
tract  by  W.  C.  Smith  Coal  Company,  marketing  the  output  in  Mt. 
Pleasant,  New  London,  Fairfield  and  to  the  country  trade.  The 
top  of  this  shaft  is  sixty  feet  above  the  bed  of  Brush  creek  and 
it  is  ninety  feet  deep,  going  through  the  following  section: 

II.    SECTION  OF  W.  G    SMITH  COAL  COMPANY'S  SHAFT. 

FEET. 

(i.     Drift     54 

5.  Shale    1 

4.  Yellow  fire  clay    3 

3.  Black  shale  9 

2.  Black  miner's  slate,  containing'  in  the  basal  part 

which  forms  the  roof  in  the  mine,  im- 
prints of  Sigillaria  leptoderma  Lesq., 
Lepidodendron  distans  Lesq.,  L.  aculeatum 
Sternb,  Lepidophyllum  ?  (loose  and  separ- 
ate, brown  and  somewhat  flattened  sppres, 
scattered  through  the  shale),  and  Lingula 

mytiloidea    Cox    20 

1.    Coal    4y, 
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The  shaft  was  made  last  season  and  the  entries  were  only  ex- 
tended a  few  rods,  when  the  mine  was  visited  by  the  writer.  Op 
eralions  are  somewhat  impeded  by  water,  which  is  raised  by  horse 
power.  As  far  as  exploi-ed,  the  coal  d\]}s  one  foot  in  ten  to  the 
north  and  on  the  south  of  the  shaft  there  is  a  fault  with  a  down- 
throw of  five  feet  in  the  same  direction.  The  fault  plane  itself 
has  a  dip  to  the  north  of  about  32^  and  trends  W.  15°  S. 

Round  Prairie  Township.  — In  the  north  two-thirds  of  this  town- 
ship the  drift  is  heavy  and  the  bed  rock  is  not  often  exposed. 
Most  likely  the  Coal  Measures  underlie  the  drift  over  most  of 
the  ten  itory.  Some  coal  has'  been  mined  on  the  Wolf  creek  bot- 
tom in  the  northwest  quarter  of  the  southwest  quarter  of  section 
3.  It  was  near  the  surface.  In  the  tributaries  of  the  Cedar,  and 
on  the  Cedar  itself,  there  are  several  places  where  the  Coal  Meas- 
ures come  into  view.  In  a  ravine  running  soutli  in  the  southeast 
quarter  of  section  35,  and  at  a  distance  of  about  a  quarter  of  a 
mile  from  the  main  creek,  a  sandstone,  four  feet  thick,  rests  un- 
confonnably  on  the  Saint  Louis  limestone.  It  is  quite  coarse, 
grayish  white,  and  contained  imbedded  fragments  of  chert  and 
fossils  of  the  Saint  Louis  and  was  impregnated  with  marcasite. 
Farther  down  the  same  ravine  there  were  black  shales  in  the 
bank  of  the  run.  At  this  place  some  coal  has  been  taken  out  by 
drifting  in  the  opi)osite  bank,  and  the  following  section  is  seen. 

III. 

FEET. 

5.     Black  shale 12 

4.     White   sandstone    with    imbedded    smaU    frag- 
ments of  charcoal 1% 

3.     Fine-grained,  soit,   arenaceous  material 1 

2.     Wlhite  arenaceous  shale   3 

1.     White  sandstone    3 

To  the  west,  along  Cedar  creek,  sandstone  of  this  division  ap- 
pears in  several  places  overlying  the  Saint  Louis  uncomform- 
ably,  coming  down  sometimes  almost  to  the  bed  of  the  stream 
and  sometimes  resting  on  the  limestone  fifty  feet  up  in  the  bluff. 

\Penn  Township.— In  the  north  part  of  this  township  no  ex- 
posures of  the  Coal  Measures  have  been  observed  and  in  all 
probability  the  Saint  Louis  directly  underlies  the  drift  in  most 
of  this  territory.     In  the  south  half  the  most  productive  coal 
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mines  in  the  county  have  been  located  and  the  fonnation  is  ap- 
parently quite  continuous,  though  natural  exposures  are  infre- 
quent. Some  of  these  are  seen  in  the  banks  of  South  Walnut 
creek  in  the  northwest  quarter  of  section  26,  and  in  sections  27 
and  23,  and  consist  of  sandstone,  greenish  gray  shales,  black 
shales  and  concretionary,  discontinuous  ledges  of  black  shaly 
limestone,  with  thin  seams  of  coal.  One-fourth  of  a  mile  north- 
west of  the  center  of  section  32  a  layer  of  hard  sandstone  con- 
taining fragments  of  charcoal  was  seen  to  rest  on  three  feet  of 
black  fissile  shale  in  the  south  bank  of  the  south  fork  of  Walnut 
creek.  Most  of  the  old  coal  banks  have  been  located  in  sections 
26,  J7,  32,  33  and  34,  and  the  local  character  of  the  formation  is 
best  revealed  in  the  explorations  made  in  connection  with  these 
enterprises.  The  seam  which  has  been  mined  lies  about  on  the 
level  of  the  bed  of  the  creek.  In  the  west  half  of  section  26  some 
coal  has  been  taken  out  by  drifting  into  the  base  of  the  south  bluff 
almost  in  sight  of  an  outcrop  of  the  Saint  Louis  limestone  in 
the  bed  of  the  creek.  The  only  mines  now  worked  in  the  vicin- 
ity of  Perlee  are  in  section  27.  One  of  these  was  opened  this 
last  season  (1901)  by  Green  and  Looney  and  is  located  in  a  run 
on  the  south  bluff  of  the  south  branch  of  Walnut  creek,  south 
of  the  center  of  the  section.  It  is  only  some  twentj^  feet  deep.  The 
coal  is  from  three  to  four  feet  thick  and  is  overlain  by  about 
ten  feet  of  dark  shale  in  which  there  are  three  lavers  of  calcare- 
ous  material.  One  of  these  lies  two  feet  above  the  coal  and  is 
fine-grained  and  comjiact  and  traversed  by  many  small  vertical 
fissures,  which  have  been  filled  with  ealcite  and  zinc  blende.  The 
two  other  layers  are  discontinuous  and  apparently  more  con- 
cretionary, lying  respectively  two  and  five  feet  above  the  first 
one.  In  the  lower  part  of  the  dark  shale  a  small  Orthoceras,  a 
small  C'honetes,  and  fragments  of  fish  teeth  were  noted.  North 
of  the  creek  in  this  section  several  coal  banks  have  also  been  in 
operation,  one  of  which  lies  close  to  the  old  bed  of  the  C,  R.  I. 
&  P.  railroad.  The  old  Washington  County  Coal  Company 
worked  several  mines  in  sections  32  and  33  on  the  south  side  of 
the  south  branch  of  Walnut  creek.  A  section  of  one  of  the  shafts 
used  by  this  company  is  given  by  Keyes  as  follows:* 

♦iDwaGeol.  Sur?.,  Vol.  II,  p.  395. 
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IV.    SECTIOM  OF  A  SHAFT  OF  THE  WASHINGTON  COUNTY  COAL  COMPANY. 

PERLEE. 

FEET. 

29.  Drift 33 

28.  Sand  3 

27.  Clay,  dark,  sbaly 20 

26.  Shale,  black   6 

25.  Coal    3Vi 

24.  Fire  clay  and  shale 10 

23.  Coal,  shaly   3V4 

22.  Fire  clay , 2 

TJie  downward  continuation  of  this  section  as  seen  in  a  pros- 
pectini?  hole,  beginning  under  the  coal  worked,  is  given  by  the 
same  author  as  follows: 

FEET. 

21.  Mixed  claye 18 

20.  Gray  shale    10 

19.  Sandslpne   12 

18.  Limestone,  gray,  impure 8 

17.  Sandstone,  fine-grained,  with  brown,  flinty  part^ 

ings,  laminated,  yellowish  color 22 

16.  Sandstone,  bluish,  fine-grained,  neavily  bedded.  20 

15.  Sand   shale    10 

14.  Lime  rock,  impure   2 

13.  Sand    shale,   gray,   fine-grained 8 

12.  Clay  shale,  blue 3 

11.  Sand  shale,  blue,  with  thin,  irregularly  bedded. 

impure  sand  rock 37 

10.  Limestone,  impure,  buff  colored,  fragmentary. .     2 

9.  Clays,  marly,  blue,  with  small  fossils 1 

8.  Limestone,  impure,  bluish 3 

7.  Sand  shale,  light  bice,  with  sandstone  partings    7 

6.  Limestone,  compact,  gray,   fragmentary 2 

5.  Shale,  argillaceous,  blue  and  limestone 2>4 

4.  Shale,  argillaceous,  gray  3% 

3.  Limestone,  concretionary,  comrpact,  light  gray.     4 

2.  Marl,  gray 2% 

1.  Limestone,  concretionary,  light,  with  gray  clay 

partings    22 

Mr.  Keyes  refers  the  lowest  ten  numbers  in  the  above  nection 
to  the  Saint  Louis.  Judging  from  the  de«f5riptions  ak/ne,  the 
present  writer  would  include  in  this  the  lowest  nineteen  nam- 
bers.  On  some  of  the  shale  dumf^  near  the  old  mines  in  the 
southwest  quarter  of  the  northwest  quarter  of  section  33  there 
wen  obeenred  some  lumps  of  what  appeam  to  be  a  mineralized 
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charcoal,  in  which  silica  fills  the  pores  of  the  vegetable  cell  work. 
Some  lumps  were  six  inches  in  longest  diameter.  Part  of  the 
woody  tissue  bears  the  marks  of  tracheids.  There  were  also  some 
concretions  of  clay  ironstone  and  large  broken  lumps  of  a  per- 
fectly black  sandstone,  consisting  of  crystalline  quartz  grains 
imbedded  in  a  carbonaceous  matrix.  Old  miners  say  that  cakes 
of  this  material  were  sometimes  found  on  the  upper  surface  of 
the  coal  seam.  All  of  these  shafts  were  quite  shallow,  ranging 
from  forty  to  one  hundred  feet  in  depth. 

A  ijartial  record  of  the  shaft  of  the  Jefferson  mine  near  the 
station  at  Perlee  is  given  by  Keyes,  as  follows:* 

V.    PARTIAL  SECTION  OF  THE  JEFFERSON  COUNTY  COAL  COMPANY'S  SHAFT  NEAR 

PERLEE. 

FEET. 

5.    Shale,  gray  ana  clayey  above,  becoming  black, 

iissile  below 15 

4.    Coal    3 

3.     Fire  clay,  changing  downward  int|D  gray  clay 

shales 14 

2.     Shale,  highly  bituminous  and  coaly  in  places...     3 
1.     Fire  clay,  exposed  1 

On  the  old  dump  of  tliis  mine  there  were  found  some  large 
pieces  of  silicified  trunks  of  trees,  which  must  have  been  two  feet 
in  diameter.  In  some  of  the  fragments  tracheids  could  be  ob- 
served on  the  woody  cells  with  a  weak  hand  lens.  There  were 
also  some  fissile,  gray,  calcareous  concretions  varjung  from  four 
to  twenty  inches  in  diameter  and  these  were  (juite  rich  in  fossils, 
such  as  Naulilus,  sp.  (small),  Orbiculoidca  missonriensis  Shum., 
Orthoceras  rushensis  McCIiesney  ( ?)  Pleurotomaria  illinoisensis 
W.,  Prodiictns  muricatus  N.  &  P.,  P.  nanus  M.  &  W.,  Pugnax 
rockmnontana  Marcou,  P.  nta  Marcou,  Schizodus  alpina  Hall 
( ?),  Straparollus  pernodosus  M.  &  W.  On  another  old  shale  dump 
of  a  mine  on  the  northeast  quarter  of  the  northeast  quarter  of 
this  section  some  more  silicfied  wood  was  noted  and  also  some 
fossil-bearing  concretions  of  a  similar  structure  containing 
Clinopista  radiata  Hall  (f),  Orthoceras  rushejisis  McChesney 
(1),  Orbiculoidea  missouriensis  Schumard,  Pleurotomaria  illi- 
noisensis  W.,  Pleurotomaria,  sp.  undet.,  Productus  muricatus  N.  & 
P.,  and  Pugnax  uta  Marcou. 

♦  Iowa  Geol.  Sur?.,  Vol.  II,  p.  397. 
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The  Jefferson  County  Coal  Company  once  made  a  drill  hole 
on  the  upland  slope  about  one-third  of  a  mile  east  of  the  center 
of  this  section,  and  an  old  miner  gives  the  following  section  of 
this  exploration  from  memory: 

VI.     SECTION  OF  THE  JEFFERSON  COUNTV  COAL  COMPANV^'S  DRILL  HOLE. 

FEET 

3.     Drift 30 

2.     Shales,  fire  clay,  and  some  seams  of  coal 70 

1.     "Soapstone"  and  limestone   (evidently  belong- 
ing to  the  Saint  Louis)   100 

From  this  and  the  previous  sections  it  is  evident  that  the  depth 
of  the  Coal  Measures  in  this  locality  is  quite  limited,  not  much 
exceeding  one  hundred  feet  The  underlying  Saint  Louis  is  ex- 
posed in  the  creeks  both  to  the  north  and  to  the  east.  A  large 
block  of  limestone  was  observed  in  the  bed  of  the  creek  less 
tlian  three-fourths  of  a  mile  west  of  Perlee.  While  it  was  in  such 
a  place  that  it  could  not  be  with  certainty  said  to  belong  to  an 
undisturbed  ledge,  it  evidently  had  not  been  far  removed  from 
this.  The  principal  seam,  which  has  been  worked,  is  near  the 
base  of  the  fonnation  and  lias  in  places  been  found  to  run  out 
against  tlie  drift,  showing  that  preglacial  erosion  extended  be- 
low the  level  of  the  coal  in  some  places.  The  area  on  which 
mines  have  been  worked  follows  the  south  branch  of  Walnut 
creek  a  distance  of  about  three  miles,  being  a  mile  wide.  The 
total  area  of  the  land  worked  is  less  than  one  square  mile  and 
most  of  this  has  not  been  far  from  the  creek. 

Buchanan  Township.— The  Coal  Measures  underlie  the  drift 
over  the  greater  part  of  this  township,  but  they  rarely  come  in- 
to view  owing  to  the  comparatively  small  depth  of  the  drainage 
valleys.  Excepting  some .  unimportant  exposures  in  Rocky 
Branch  the  principal  sections  are  seen  on  Brush  creek.  Coal  was 
for  some  time  mined  by  drifting  into  the  base  of  the  south  bluff 
of  this  creek,  near  the  northeast  comer  of  the  northwest  quarter 
of  the  southwest  quarter  of  section  10.  This  is  only  two  miles 
south  and  one  mile  east  of  Perlee  and  the  coal  here  is  the  same 
as  at  the  latter  place.  On  the  old  shale  banks  lumps  of  the 
same  black  sandstone  were  seen,  here  with  impressions  of  the 
bark  of  trees,  and  associated  with  small  indurated  aggregations 
of  charcoal.    There  are  also  the  same  calcareous  concretions  con- 
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tainiiig  some  of  the  same  fossils  as  those  near  Perlee.  A  quarter 
of  a  mile  south  and  a  little  east  of  the  center  of  the  section,  the 
south  bank  of  the  creek  exposes  two  feet  of  the  Saint  Louis  lime- 
stone and  underlying  this  there  is : 

VII. 

FEET. 

4.     (J  ray  shale 1% 

3.     Carbonaceous  black  and  fissile  shale 2 

2.     Fire  clay   2 

1.    Yellow  and  irregularly  bedded  sandstone  with 

imprints  of  stems  and  leaves  of  Stigmaria  1  to  3 

In  the  south  bank  of  the  creek,  in  the  northwest  quarter  of 
the  northwest  quarter  of  section  14,  a  dark  shale  is  seen  which 
contains  some  clay  ironstone  concretions  of  large  size,  from  two 
to  three  feet  in  diameter.  In  one  of  these  the  upper  side  con- 
sisted of  a  layer  of  cone-in-cone  while  tlie  body  was  made  up  of 
a  mass  of  small  spherical  concretions  of  the  size  of  large  shot 
and  of  a  radiate  structure.  Imbedded  in  this  mass  lay  some  kid- 
ney-sJiaped  concretions  of  black  calcareous  material  containing 
fragments  of  brachiopods.  Near  the  center  of  section  13  the 
north  bank  of  the  creek  exposes  eight  feet  of  a  dark  laminated 
shale  in  which  there  are  several  bands  of  clay  ironstone,  some  con- 
taining a  Seminula  and  Lingula  mytiloides.  Not  far  from  this, 
on  the  south  bank  of  the  creek,  a  pile  of  shale  and  an  abandoned 
pit  indicate  the  site  of  an  old  coal  bank.  In  sections  27  and  35 
some  explorations  by  deep  wells  show  that  the  Coal  Measures 
are  absent  and  tliat  the  drift  rests  on  the  Saint  Louis  limestone. 

Cedar  Toivnship.— Most  of  this  township  is  no  doubt  underlain 
by  the  Coal  Measures,  although  they  have  been  subjected  to  quite 
extensive  erosion.  On  Crow  creek,  in  the  centi'al  sections  the 
drift  extends  below  the  bed  of  the  stream  as  far  down  as  to  the 
southwest  of  the  center  of  section  27,  below  the  wagon  bridge, 
where  the  creek  cuts  into  three  or  four  feet  of  dark  shale  in  the 
left  bank.  This  shale  contains  considerable  pyrites  and  also 
numerous  crystals  of  selenite,  some  of  which  measured  four 
inches  in  length. 

Going  up  Cedar  creek  fifteen  feet  of  dark  shale  is  seen  in  the 
south  bank  at  the  south  end  of  the  loop  which  it  makes  to  the 
south  in  the  east  part  of  section  35.    A  band  of  kidney-shaped 
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concretions  lie  at  a  level  a  few  feet  above  the  base  of  this  bank. 
In  tlio  bed  of  the  creek  and  under  the  shale  there  is  a  dark,  and 
in  places  black,  coarse  sandstone,  which  is  charged  with  minute 
grains  of  pyrites,  that  apparently  had  been  deposited  by  infiltra- 
tion. Some  of  the  sandstone  has  a  calcareous  cement  of  similar 
origin,  and  also  contains  fragments  of  the  Saint  Louis  limestone. 
This  is  no  doubt  the  basal  ledge  of  the  Coal  Measures  resting 
directly  on  the  Saint  Louis  limestone.  A  little  south  of  the  cen- 
ter of  the  northeast  quainter  of  section  35  the  east  bank  of  the 
creek  consists  of  Coal  Measure  shales  and  sandstone  for  a  dis- 
tance of  twenty  rods.    The  section  is  as  follows : 

VIII.     SECTION    IN   THE   LEFT   BANK   OF  CEDAR   CREEK  NEAR   THE   CENTER   OF 

THE  NE.  H.  OF  SEC.  35  CEDAR  TOWNSHIP. 

FEET. 

5.     Black  s'hale,  slightly  calcareous  and  fossil-bear- 
ing at  the  base  8 

4.     A   layer   of  calcareous   clay   ironstone   concre-  3 

tions.     These   concretions   vary   in   size   from 

two        inches        to        nearly        two        feet 

in      longest      diameter.      The     smaller      ones 

were     found     to     have     a     core     of     calcite 

and  zinc  blende«  while  most  of  the  larger  ones 

were  checked  internally  by  numerous  shrink- 
age  cracks   running   vertically   and   filled   by 

the  same  minerals  y, 

3.     Black  shale,  laminated    and  fissile  below,  and 

containing  in  the  uppermost  ten  inches  sev- 
eral   fossils   such   as     Productus     semireticu- 

latu3  Martin.,  P.   longispinua  Sow.,  P.  nanus 

M.  &  W.,  P.  cora  D'Orbigny,  Spirifer  camera^ 

COS  Mort(m,  Chonetes,  sp.,  Seminula  argentea, 

and    quite    an    abundance    of   a    simple    cya- 

thopylloid  coral  measuring  about  one  and  a 

half  inches  in  length.    In  the  lower  part  there 

are    numerous    concretionary    cakes    of    iron 

pyrites  measuring  some  two  inches  in  diam- 
eter  ynth.   a    thickness    of    about   a    half    an 

inch  8 

2.     Fire  clay   4 

1.     Sandstone,  which  at  the  point  farthest  south 

encroaches  upon  and  replaces  the  fire  clay. 

At  the  southernmost  end  a  six  inch  s«am  of 

coal  separates  this  sandstone  from  the  dark 

shale    (No.    3)    above    the    fire    clay    farther 

north   4 

\ 
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tainiiig  some  of  the  same  fossils  as  those  near  Perlee.  A  quarter 
of  a  mile  south  and  a  little  east  of  the  center  of  the  section,  the 
south  bank  of  the  creek  exposes  two  feet  of  the  Saint  Louis  lime- 
stone and  underlying  this  there  is : 

VII. 

FEET. 

4.    Gray  shale 1*4 

3.     Carbonaceous  black  and  fissile  shale 2 

2.    Fire  clay   2 

1.    Yellow  and  irregularly  bedded  sandstone  with 

imprints  of  stems  and  leaves  of  Stigmaria  1  to  3 

In  the  south  bank  of  the  creek,  in  the  northwest  quarter  of 
the  northwest  quarter  of  section  14,  a  dark  shale  is  seen  which 
contains  some  clay  ironstone  concretions  of  large  size,  from  two 
to  three  feet  in  diameter.  In  one  of  these  the  upper  side  con- 
sisted of  a  layer  of  cone-in-cone  while  the  body  was  made  up  of 
a  mass  of  small  spherical  concretions  of  the  size  of  large  shot 
and  of  a  radiate  structure.  Imbedded  in  this  mass  lay  some  kid- 
ney-shaped concretions  of  black  calcareous  material  containing 
fragments  of  brachiopods.  Near  the  center  of  section  13  the 
north  bank  of  the  creek  exposes  eight  feet  of  a  dark  laminated 
shale  in  which  there  are  several  bands  of  clay  ironstone,  some  con- 
taining a  Seminula  and  Lingula  mytiloidcs.  Not  far  from  this, 
on  the  south  bank  of  the  creek,  a  pile  of  shale  and  an  abandoned 
pit  indicate  the  site  of  an  old  coal  bank.  In  sections  27  and  35 
some  explorations  by  deep  wells  show  that  the  Coal  Measures 
are  absent  and  that  the  drift  rests  on  the  Saint  Louis  limestone. 

Cedar  Toicnship.— Most  of  this  township  is  no  doubt  underlain 
by  the  Coal  Measures,  although  they  have  been  subjected  to  quite 
extensive  erosion.    On   Crow  creek,  in   the   central    sections   thi 
drift  extends  below  the  bed  of  the  stream  as  far  down  as  to  thi 
southwest  of  the  center  of  section  27,  below  the  wagon  bridge 
where  the  creek  cuts  into  three  or  four  feet  of  dark  shale  in  tb 
left  bank.     This  shale  contains  considerable    i)yrites    and    alf 
numerous  crystals  of  selenite,  some  of   which    measured    fo^ 
inches  in  length. 

Going  up  Cedar  creek  fifteen  feet  of  dark  shale  is  seen  in  1 
south  bank  at  the  south  end  of  the  loop  which  it  makes  to  ' 
south  in  the  east  part  of  section  35.    A  band  of  kidney-sha^ 
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tainirjg  some  of  the  same  fossils  as  those  near  Perlee.  A  quarter 
of  a  mile  south  and  a  little  east  of  the  center  of  the  section,  the 
south  bank  of  the  creek  exposes  two  feet  of  the  Saint  Louis  lime- 
stone and  underlying  this  there  is: 

VII. 

FEET. 

4.     Gray  shale I14 

3.     Carbonaceous  black  and  fissile  shale 2 

2.     Fire  clay   2 

1.    Yellow  and  irregiilarly  bedded  sandstone  with 

imprints  of  steins  and  leaves  of  Stigmaria  1  to  3 

In  the  south  bank  of  the  creek,  in  the  northwest  quarter  of 
the  northwest  quarter  of  section  14,  a  dark  shale  is  seen  which 
contains  some  clay  ironstone  concretions  of  large  size,  from  two 
to  three  feet  in  diameter.  In  one  of  these  the  upper  side  con- 
sisted of  a  layer  of  cone-in-cone  while  the  body  was  made  up  of 
a  mass  of  small  spherical  concretions  of  the  size  of  large  shot 
and  of  a  radiate  structure.  Imbedded  in  this  mass  lay  some  kid- 
ney-sliaped  concretions  of  black  calcareous  material  containing 
fragments  of  brachiopods.  Near  the  center  of  section  13  the 
north  bank  of  the  creek  exposes  eight  feet  of  a  dark  laminated 
shale  in  which  there  are  several  bands  of  clay  ironstone,  some  con- 
taining a  Seminula  and  Lingula  mytiloides.  Not  far  from  this, 
on  the  south  bank  of  the  creek,  a  pile  of  shale  and  an  abandoned 
pit  indicate  the  site  of  an  old  coal  bank.  In  sections  27  and  35 
some  explorations  by  deep  wells  show  that  the  Coal  Measures 
are  absent  and  that  the  drift  rests  on  the  Saint  Louis  limestone. 

Cedar  Toicnship,— Most  of  this  township  is  no  doubt  underlain 
by  the  Coal  Measures,  although  they  have  been  subjected  to  quite 
extensive  erosion.  On  Crow  creek,  in  the  central  sections  the 
drift  extends  below  the  bed  of  the  stream  as  far  down  as  to  the 
southwest  of  the  center  of  section  27,  below  the  wagon  bridge, 
where  the  creek  cuts  into  tliree  or  four  feet  of  dark  shale  in  the 
left  bank.  This  shale  contains  considerable  pyrites  and  also 
numerous  crj^stals  of  selenite,  some  of  which  measured  four 
inches  in  length. 

Going  ui)  Cedar  creek  fifteen  feet  of  dark  shale  is  seen  in  the 
south  bank  at  the  south  end  of  the  loop  which  it  makes  to  the 
south  in  the  east  part  of  section  35.    A  band  of  kidney-shaped 
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concretions  lie  at  a  level  a  few  feet  above  the  base  of  this  bank. 
In  tlio  bed  of  the  creek  and  under  the  shale  there  is  a  dark,  and 
in  places  black,  coarse  sandstone,  which  is  charged  with  minute 
grains  of  pyrites,  that  apparently  had  been  deposited  by  infiltra- 
tion. Some  of  the  sandstone  has  a  calcareous  cement  of  similar 
origin,  and  also  contains  fragments  of  the  Saint  Louis  limestone. 
This  is  no  doubt  the  basal  ledge  of  the  Coal  Measures  resting 
directly  on  the  Saint  Louis  limestone.  A  little  soutli  of  the  cen- 
ter of  the  northeast  quarter  of  section  35  the  east  bank  of  the 
creek  consists  of  Coal  Measure  shales  and  sandstone  for  a  dis- 
tance of  twenty  rods.    The  section  is  as  follows : 

Vni.     SECTION   IN   THE    LEFT   BANK   OF  CEDAR   CREEK  NEAR   THE   CENTER   OF 

THE  NE.  %  OF  SEC.  35  CEDAR  TOWNSHIP. 

FEET. 

5.  Black  s^hale,  slightly  calcareous  and  fossil-bear- 
ing at  the  base  8 

4.  A  layer  of  calcareous  clay  ironstone  concre- 
tions. These  concretions  vary  in  size  from 
two  inches  to  nearly  two  feet 
in  longest  diameter.  The  smaller  ones 
were  found  to  have  a  core  of  calcite 
and  zinc  blende,  while  most  of  the  larger  ones 
were  checked  internally  by  numerous  shrink- 
age cracks  running  vertically  and  filled  by 
the  same  minerals  % 

3.  Black  shale,  laminated  and  fissile  below,  and 
containing  in  the  uppermost  ten  inches  s-ev- 
eral  fossils  such  as  Productus  semireticu- 
latus  Martin.,  P.  longispinus  Sow.,  P.  nanus 
M.  &  W..  P.  cora  D'Orbigny,  Spirifer  camera- 
cus  Mort(m,  Chonetes,  sp.,  Seminula  argentea, 
and  quite  an  abundance  of  a  simple  cya- 
thopylloid  coral  measuring  about  one  and  a 
half  inches  in  length.  In  the  lower  part  there 
are  numerous  concretionary  cakes  of  iron 
pyrites  measuring  some  two  inches  in  diam- 
eter with  a  thickness  of  about  a  half  an 
inch  8 

2.     Fire  clay   4 

1.  Sandstone,  which  at  the  point  farthest  south 
encroaches  upon  and  replaces  the  fire  clay. 
At  the  southernmost  end  a  six  inch  s^eam  of 
coal  separates  this  sandstone  from  the  dark 
shale  (No.  3)  above  the  fire  clay  farther 
north   4 
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These  beds  exhibit  a  gentle  syncliije,  rising  rather  abruptly 
at  the  south  end  as  much  as  ten  feet.  This  attitude  is  probably 
not  due  to  any  flexure,  but  rather  a  feature  of  the  original  deposi- 
tion, caused  by  the  uneven  surface  of  the  underiying  Saint  Louis. 
A  mile  farther  west  pockets  of  Coal  Measure  shales  and  sandstone 

are  occasionally  seen  at  varying  levels  on  the  eroded  surface  of 
the  lower  formation.  A  dark  shale  like  numbers  3,  4  and  5  in  the 
above  section,  and  with  the  same  kind  of  concretions,  appears 
in  a  ravine  on  the  countv  line  near  tlie  southwest  comer  of  see- 
tion  35. 

For  most  of  the  distance  that  the  creek  runs  in  section  33  its 
south  bank  is  a  continuous  exposure  of  Coal  Measures  in  places 
resting  upon  a  low  ledge  of  Saint  Louis  limestone.  Thus,  near  the 
east  line  of  the  section  there  is  seen: 

IX.    SECTION  IN  THE  BASAL  PARI  OF  THE  COAL  MEASURES  IN  THE  SOUTH  BANK 

OF  CEDAR  CREEK  NEAR  THE  EAST  LINE  OF  SEC.  33- 

FEET. 

5.  Dark  shale,  weathering  to  gray  with  some  crys- 
tals of  selenite t 12 

4.  Black,  bitmninoiis  shale  containing  an  abun- 
dance of  crystals  of  selenite  and  occasional 
cakes  of  fibrous  gypsum.  Some  crystals  and 
cakes  measured  five  inches  in  length  1 

.3.  Hard,  gray  or  grayish-brown  sandstone,  oc- 
casionally black  or  greenish  black  from  in- 
filtration of  pyrites  and  other  materials.  Im- 
pressions' of  stems  of  Stigmaria  were  noted 

on  the  upper  surface  of  the  ledge 2 

Unconformity. 

2.     dreenish  shale  with  some  thin  and  uniformly 
developed    laminae   of  fine  arenaceous  mate- 
rial  (not  well  exposed) 4 

Unconformity. 

1.  Brecciated  limestone  of  the  Saint  Louis  stage, 
with  some  brecciated  siliceous  lumps   7 

The  Coal  Measures  also  appear  near  the  center  of  the  east  line 
of  section  32  and  in  the  south  bank  of  Cedar  creek  in  the  south- 
east quarter  of  section  29,  where  they  may  be  described  as  fol- 
lows : 
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X.    SECTIUN  IN  THE  SOUTH  BANK  OF  THE  CEDAR  IN  THE  SB.  H  OF  SEC.  29. 

FEET. 

4.  Black  shale    10 

green,  stony,   arenaceous  rock IV2 

green   stony,   arenaceous   rock    IV2 

2.  Green    shale     4 

Unconformity. 

1.  Brecciated  limestone  of  the  Saint  Louis  group.     3 

Numbers  2  and  3  in  the  above  are  identical  with  number  2  in 
the  previous  section,  where  they  occur  under  a  coarse  sandstone. 
They  appear  again  a  little  farther  to  the  west,  where  the  bluff 
shows  the  following  succession  of  beds : 

XI. 

FEET. 

6.     Yellow,  sandstone    3 

5.  Yellow  shale   3 

4.     Coal   of   the   common   bituminous   kind    above, 

changing  into  cannel  coal  below    ly^ 

3.  Fire  clay    3 

2.  Black    shale,    becoming    highly    carbonaceous 

and  bituminous  below   6 

1.     Green    shale    extending   down    to    the    bed    of 

the  creek    4 

Above  this  place  the  valley  of  the  creek  is  very  wide  and  the 
bed  rock  is  not  so  frequently  seen.  In  section  19  coal  has 
been  mined  in  some  shallow  shafts,  which  are  now  abandoned. 
The  strong  mineral  taste  of  the  water  in  several  wells  indicate 
that  the  Coal  Measures  constitute  the  bed  rock  in  most  of  this 
region. 

Black  Hawk  Township.— In  this  territorj^  the  drainage  valleys 

are  shallow  and  the  bed  rock  was  not  seen  anywhere.    That  the 

Coal  Measures  underlie  at  least  a  part  of  this  area  is  evident 

from  the  records  of  two  wells.    One  of  these  is  in  section  6.    (See 

well  No.  1  in  the  table  of  well  records.)   It  is  situated  on  upland 

and  the  first  130  feet  went  through  drift.    Below  this  there  were 

thirt>^  feet  of  red  and  black  shale.  The  other  well  is  in  the  south- 
west  quarter   of   section   27,  and  situated  on  an    upland  slope. 

Here  there  was  eighty-five  feet  of  drift  and  then  shale  with  sand- 
stone at  the  bottom.  In  the  north  the  drift  no  doubt  in  some  places 
rests  on  the  Saint  Louis,  but  it  is  probable  that  more  than  half 
of  the  area  is  covered  by  the  later  fonnation. 
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Fairfield  Township.— {Excluding  the  tract  in  Tp.  71  N.,  R.  X 
W.)  In  the  three  north  tiers  of  sections  the  valleys  are  compara- 
tively shallow  and  field  observations  on  the  bed  rock  were  con- 
fined to  the  three  south  tiers.  The  Coal  Measures  underlie  tlie 
greater  part,  if  not  all,  of  the  township.  All  the  deep  wells  from 
which  records  were  secured  entered  either  sandstone  or  shale 
under  the  drift.  In  the  north  half  tlie  thickness  may  average 
less  than  seventy-five  feet,  but  in  the  south  half  it  evidently 
averages  more  than  one  hundred  feet,  possibly  in  places  reach- 
ing a  depth  of  150  feet.  In  the  later  region  some  of  the  wells  have 
gone  through  several  veins  of  coal,  which  disappear  in  shoit  dis- 
tances and  vary  considerably  in  thickness  and  elevation. 

The  greatest  exposed  depth  of  the  formation  is  seen  in  the 
north  bank  of  the  Cedar  near  the  center  of  the  northwest  quarter 


Flo.  VI.    Bipaaan  of  OokI  Hi 


Fairfield  townidiliL 


of  section  32,  where  the  creek  is  sapping  a  nearly  vertical  em- 
bankment almost  forty  feet  high,  (Fig.  61),  which  may  be  de- 
scribed as  below: 
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XII.    SECnON  OF  THE  COAL  MEASURES  IN  THE  NORTH   BANK  OF  CEDAR   CREKK 

NEAR  THE  CENTER  OF  IHE  NW.  fi  OF  SEC    3a. 

FBKT 

7.     Soft   arenaceous    shale   with    alterating  bands 

of  sandstone   7 

6.  Gray,  cross-bedded  and  somewhat  coarse  sand- 

Btone 10 

5.  A  wedge   of   gray   arenaceous   shale,    thinning 

towards  the  west 3 

4.  Gray  sandstone,  slightly  cross-bedded  and  mi- 

caceous       7 

3.  Coal,  thinning  to  the  east  and  running  out  to 

the  west,  greatest  thickness 1  Vi 

2.    Fire  clay,  gray  and  arenaceous 3 

1.  Fire  clay  and  shale  (partly  concealed).... 7 

One-fouiili  of  a  mile  south  of  the  center  of  section  28  and  on 
the  west  side  of  tlie  wagon  road  where  this  crosses  the  old  rail- 
road embankment  is  located  the  clay  bank  of  the  Rainy  Bros/ 
tile  factory.  The  clay  which  is  hauled  away  from  this  pit  con- 
sists of  a  disintegrated  Coal  Measure  shale,  which  is  obtained  by 
strii^l»ing,  as  it  is  covered  by  about  fifteen  feet  of  loess  and  other 
drift.  The  bank  is  at  present  twenty-four  fcHit  high  and  the  mate- 
rial seen  is 

XIII. 

KBET. 

7.  Loes.s  and  bowlder  clav   15 

6.  Coal    y, 

5.  WTiite  fire  clav   2 

4.  Black  shale  with  some  ^mall  crystals  of  gj'p- 

sum    3 

:;.     Coal    1 

2.  White  fire  clav   4 

!.     GreeniKli,   fine-grained,   njica^*eou8  tmndtAAjn^, ,  1 

To  ihe  north  along  the  creek  in  this  section  similar  exposures 
are  frefjuent  and  coal  has  T>een  mined  here  since  the  early  days 
of  the  settlement  of  this  (county.  Several  old  shale  dumi>6  are 
seen  along  a  ravine  which  follows  the  south  side  of  the  old  rail- 
road in  the  southwest  ^juartc^r  of  the  northwest  quarter  of  section 
27  and  also  in  the  nortiiwest  quarter  of  section  28.  The  princi- 
pal coal  seam  occurs  at  dejAhs  varj'ing  from  thirty  to  ten  feet 
below  the  bottom  of  the  streams  and  is  from  three  to  three  aud 
a  half  feet  in  thickness.  Over  it  there  is  a  black  shale,  which 
contains  large  septaria  or^^^asionally  found  to  oontaio  fossils  such 


» 
I 
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mines  in  the  county  have  been  located  and  the  formation  is  ap- 
parently quite  continuous,  though  natural  exposures  are  infre- 
quent Some  of  these  are  seen  in  the  banks  of  South  Walnut 
creek  in  the  northwest  quarter  of  section  26,  and  in  sections  27 
and  23,  and  consist  of  sandstone,  greenish  gray  shales,  black 
shales  and  concretionary,  discontinuous  ledges  of  black  shaly 
limestone,  with  thin  seams  of  coal.  One-fourth  of  a  mile  north- 
west of  the  center  of  section  32  a  layer  of  hard  sandstone  con- 
taining fragments  of  charcoal  was  seen  to  rest  on  three  feet  of 
black  fissile  shale  in  the  south  bank  of  the  south  fork  of  Walnut 
creek.  Most  of  the  old  coal  banks  have  been  located  in  sections 
26,  J7,  32,  33  and  34,  and  the  local  character  of  the  formation  is 
best  revealed  in  the  explorations  made  in  connection  with  these 
enterprises.  The  seam  which  has  been  mined  lies  about  on  the 
level  of  the  bed  of  the  creek.  In  the  west  half  of  section  26  some 
coal  has  been  taken  out  by  drifting  into  the  base  of  the  south  bluff 
almost  in  sight  of  an  outcrop  of  the  Saint  Louis  limestone  in 
the  bed  of  the  creek.  The  only  mines  now  worked  in  the  vicin- 
ity of  Perlee  are  in  section  27.  One  of  these  was  opened  this 
last  season  (1901)  by  Green  and  Looney  and  is  located  in  a  run 
on  tlie  south  bluflf  of  the  south  branch  of  Walnut  creek,  south 
of  the  center  of  the  section.  It  is  only  some  twenty  feet  deep.  The 
coal  is  from  three  to  four  feet  thick  and  is  overlain  by  about 
ten  feet  of  dark  shale  in  which  there  are  three  layers  of  calcare- 
ous material.  One  of  these  lies  two  feet  above  the  coal  and  is 
fine-grained  and  compact  and  traversed  by  many  small  vertical 
fissures,  which  have  been  filled  with  calcite  and  zinc  blende.  The 
two  other  layers  are  discontinuous  and  apparently  more  con- 
cretionary, lying  respectively  two  and  five  feet  above  the  first 
one.  In  the  lower  part  of  the  dark  shale  a  small  Orthoceras,  a 
small  C'honetes,  and  fragments  of  fish  teeth  were  noted.  North 
of  the  creek  in  this  section  several  coal  banks  have  also  been  in 
operation,  one  of  which  lies  close  to  the  old  bed  of  the  C,  R.  I. 
&  P.  railroad.  The  old  Washington  County  Coal  Company 
worked  several  mines  in  sections  32  and  33  on  the  south  side  of 
the  south  branch  of  Walnut  creek.  A  section  of  one  of  the  shafts 
used  by  this  company  is  given  by  Keyes  as  follows:* 
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IV.    SECTION  OF  A  SHAFT  OF  THE  WASHINGTON  COUNTY  COAL  COMPANY. 

PERLEE. 

FEET. 

29.  Drift 33 

28.  Sand  3 

27.  Clay,  dark,  shaly 20 

26.  Shale,  black   6 

25.  Coal    314 

24.  Fire  clay  and  shale 10 

23.  Coal,  shaly   31/2 

22.  Fire  clay  2 

Tlie  downward  continuation  of  this  section  as  seen  in  a  pros- 
pecting hole,  beginning  uHder  the  coal  worked,  is  given  by  the 
same  author  as  follows : 

FKET. 

21.  Mixed  clays 18 

20.  Gray  shale   , 10 

19.  Sandstione    12 

18.  Limestone,  gray,  impure 8 

17.  Sandstone,  fine-grained,  with  brown,  flinty  part- 
ings, laminated,  yellowish  color 22 

16.  Sandstone,  bluish,  fine-grained,  neavily  bedded.  20 

15.  Sand   shale    10 

14.  Lime  rock,  impure   2 

13.  Sand    shale,   gray,   fine-grained 8 

12.  Clay  shale,  blue 3 

11.  Sand  shale,  blue,  with  thin,  irregularly  bedded, 

impure  sand  rock 37 

10.  Limestone,  impure,  buff  colored,  fragmentary. .     2 

9.  Clays,  marly,  blue,  with,  small  fossils 1 

8.  Limestone,  impure,  bluish 3 

7.  Sand  shale,  light  blue,  with  sandstone  partings    7 

6.  Limestone,  compact,  gray,   fragmentary 2 

5.  Shale,  argillaceous,  blue  and  limestone 2^4 

4.  Shale,  argillaceous,  gray  31^ 

3.  Limestone,  concretionary,  convpact,  light  gray.     4 

2.  Marl,  gray 2% 

1.  Limestone,  concretionary,  light,  with  gray  clay 

partings    22 

Mr.  Keyes  refers  the  lowest  ten  numbers  in  the  above  section 
to  the  Saint  Louis.  Judging  from  the  descriptions  alone,  the 
present  writer  would  include  in  this  the  lowest  nineteen  num- 
bers. On  some  of  the  shale  dumps  near  the  old  mines  in  the 
southwest  quarter  of  the  northwest  quarter  of  section  33  there 
were  observed  some  lumps  of  what  appears  to  be  a  mineralized 
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mines  in  the  county  have  been  located  and  the  formation  is  ap- 
parently quite  continuous,  though  natural  exposures  are  infre- 
quent. Some  of  these  are  seen  in  the  banks  of  South  Walnut 
creek  in  the  northwest  quarter  of  section  26,  and  in  sections  27 
and  23,  and  consist  of  sandstone,  greenish  gray  shales,  black 
shales  and  concretionary,  discontinuous  ledges  of  black  shaly 
limestone,  with  thin  seams  of  coal.  One-fourth  of  a  mile  north- 
west of  the  center  of  section  32  a  layer  of  hard  sandstone  con- 
taining fragments  of  charcoal  was  seen  to  rest  on  three  feet  of 
black  fissile  shale  in  the  south  bank  of  the  south  fork  of  Walnut 
creek.  Most  of  the  old  coal  banks  have  been  located  in  sections 
26,  J7,  32,  33  and  34,  and  the  local  character  of  the  formation  is 
best  revealed  in  the  explorations  made  in  connection  with  these 
enterprises.  The  seam  which  has  been  mined  lies  about  on  the 
level  of  the  bed  of  the  creek.  In  the  west  half  of  section  26  some 
coal  has  been  taken  out  by  drifting  into  the  base  of  the  south  bluff 
almost  in  sight  of  an  outcrop  of  the  Saint  Louis  limestone  in 
the  bed  of  the  creek.  The  only  mines  now  worked  in  the  vicin- 
ity of  Perlee  are  in  £'9ction  27.  One  of  these  was  opened  this 
last  season  (1901)  by  Green  and  Looney  and  is  located  in  a  run 
on  tlie  south  bluff  of  the  south  branch  of  Walnut  creek,  south 
of  the  center  of  the  section.  It  is  only  some  twenty  feet  dee]).  The 
coal  is  from  three  to  four  feet  thick  and  is  overlain  by  about 
ten  feet  of  dark  shale  in  which  there  are  three  layers  of  calcare- 
ous material.  One  of  these  lies  two  feet  above  the  coal  and  is 
fine-grained  and  compact  and  traversed  by  many  small  vertical 
fissures,  which  have  been  filled  with  calcite  and  zinc  blende.  The 
two  other  layers  are  discontinuous  and  apparently  more  con- 
cretioriarj^  lying  respectively  two  and  five  feet  above  the  first 
one.  In  the  lower  part  of  the  dark  shale  a  small  Orthoceras,  a 
small  C'honetes,  and  fragments  of  fish  teeth  were  noted.  North 
of  the  creek  in  this  section  several  coal  banks  have  also  been  in 
operation,  one  of  which  lies  close  to  the  old  bed  of  the  C,  R.  I. 
&  P.  railroad.  The  old  Washington  County  Coal  Comi)any 
worked  several  mines  in  sections  32  and  33  on  the  south  side  of 
the  south  branch  of  Walnut  creek.  A  section  of  one  of  the  shafts 
used  by  this  company  is  given  by  Keyes  as  follows:* 

♦iDwaGeol.  Surr.,  Vol.  II,  p.  39S. 
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charcoal,  in  which  silica  fills  the  pores  of  the  vegetable  cell  work. 
Some  lumps  were  six  inches  in  longest  diameter.  Part  of  the 
woody  tissue  bears  the  marks  of  tracheids.  There  were  also  some 
concretions  of  clay  ironstone  and  large  broken  lumps  of  a  per- 
fectly black  sandstone,  consisting  of  crystalline  quartz  grains 
imbedded  in  a  carbonaceous  matrix.  Old  miners  say  that  cakes 
of  this  material  were  sometimes  found  on  the  upper  surface  of 
the  coal  seam.  All  of  these  shafts  were  quite  shallow,  ranging 
from  forty  to  one  hundred  feet  in  depth. 

A  ijurtial  record  of  the  shaft  of  the  Jefferson  mine  near  the 
station  at  Perlee  is  given  by  Keyes,  as  follows:* 

V.    PARTIAL  SECTION  OF  THE  JEFFERSON  COUNTY  COAL  COMPANY'S  SHAFT  NEAR 

PERLEE. 

FEET. 

5.    Shale,  gray  ana  clayey  above,  becoming  black, 

fissile  below 15 

4.     Coal    3 

3.     Fire  clay,  changing  downward  intjD  gray  clay 

shales 14 

2.     Shale,  highly  bituminous  and  coaly  in  places. . .     3 
1.     Fire  clay,  exposed  1 

On  the  old  dump  of  tliis  mine  there  were  found  some  large 
pieces  of  silicified  trunks  of  trees,  which  must  have  been  two  feet 
in  diameter.  In  some  of  the  fragments  traclieids  could  be  ob- 
served on  tlie  woody  cells  with  a  weak  hand  lens.  There  were 
also  some  fissile,  gray,  calcareous  concretions  vaiying  from  four 
to  twenty  inches  in  diameter  and  these  were  (juite  rich  in  fossils, 
such  as  Naulihis,  sp.  (small),  Orbiciiloidea  fnissouriensis  Shum., 
Orthoceras  nishensis  Mc(?hesney  { f)  Pleurotomaria  illinoisensis 
W.,  Productiis  muricatus  N.  &  P.,  P.  nanus  M.  &  W.,  Pugnax 
rockumontmia  Marcou,  P.  uta  Marcou,  Schizodus  alpina  Hall 
( ?),  Straparollus  pernodosus  M.  &  W.  On  another  old  shale  dump 
of  a  mine  on  the  northeast  quarter  of  the  northeast  quarter  of 
this  section  some  more  silicfied  wood  was  noted  and  also  some 
fossil-bearing  concretions  of  a  similar  structure  containing 
Clvnopista  radiata  HbM  (?),  Orthoceras  rushensis  McChesney 
(I),  Orbiculoidea  ^nissourien^is  Schumard,  Pleurotomaria  Uli- 
noisensis  W.,  Pleurotomaria,  sp.  undet.,  Productiis  muricatus  N.  & 
P.,  and  Pugnax  uta  Marcou. 
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The  Jefferson  ( unnty  Coal  Comjxany  omv  nvft^^  a  dri**  boi^ 
on  the  upland  slojie  abont  one-thini  of  a  mile  east  of  i5v  vvciwr 
of  this  section,  and  an  old  miner  gives  the  followixwr  :5»(vtk«  i>f 
this  exploration  from  memory: 

VL    SECTIOX  uF  THE  JEFFEKS.X  Ci'lNTV  COAL  C01irAXr<  l^KIli   M.  LJF 

ncvT 

3.     Drift ,V 

2-     Shales,  lire  clay,  and  some  seams  of  «xval Ti'k 

1.    ''Soapstonc*'  and  limestone   (evidently  belong 

ing"  to  the  Saint  Louis  I   liX> 

From  this  and  the  previous  sections  it  is  evident  that  the  dei>th 
of  the  Coal  Measures  in  this  locality  is  quite  limited,  not  much 
exceeding  one  hundred  feet  The  underlying  Sitint  Li>uis  is  ex- 
posed in  the  creeks  both  to  the  north  and  to  the  east.  A  larjje 
block  of  limestone  was  observed  in  the  l>ed  of  the  cnvk  U^«>s 
tlian  three-fourths  of  a  mile  west  of  Perlee.  While  it  was  in  such 
a  place  that  it  c*ould  not  be  with  i^ertainty  siiid  to  Moiig  to  an 
undisturbed  ledge,  it  evidently  had  not  been  far  removeil  fnnu 
tliis.  The  principal  seam,  which  has  Ikh^h  workeii,  is  nt>ar  the 
base  of  the  formation  and  has  in  places  l>een  found  to  run  out 
against  tlie  drift,  showing  that  preglacial  eR>sion  extendiHl  Ih^ 
low  the  level  of  the  coal  in  some  places.  The  aiwi  on  which 
mines  have  been  worked  follows  the  south  bninch  of  WaJnut 
creek  a  distance  of  about  three  miles,  InMug  a  mile  widi\  The 
total  area  of  the  land  worked  is  less  than  one  square  mile  and 
most  of  this  has  not  been  far  from  the  creek. 

Buchanan  Toun.ship.—Tlie  Coal  Measures  underlie  the  drift 
over  the  greater  part  of  this  township,  but  they  rarely  (H>me  in- 
to view  owing  to  the  comparatively  small  depth  of  the  drainagt* 
valleys.  Excepting  some .  unimportant  exposuiXMj  in  Kwky 
Branch  the  principal  sections  are  seen  on  Brush  crei^k.  Coal  was 
for  some  time  mined  by  drifting  into  the  base  of  tlie  south  bluff 
of  this  creek,  near  the  northeast  comer  of  the  northwest  quarter 
of  the  southwest  quarter  of  section  10.  This  is  only  two  miles 
south  and  one  mile  east  of  Perlee  and  the  coal  hero  is  the  samo 
as  at  the  latter  place.  On  the  old  shale  banks  luinps  of  the 
same  black  sandstone  were  seen,  here  with  impressions  of  Uio 
bark  of  trees,  and  associated  with  small  induratinl  aggregaUons 
of  charcoal.    There  are  also  the  same  calcareous  concretions  con- 
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taining  some  of  the  same  fossils  as  those  near  Perlee.  A  quarter 
of  a  mile  south  and  a  little  east  of  the  center  of  the  section,  the 
south  bank  of  the  creek  exposes  two  feet  of  the  Saint  Louis  lime- 
stone and  underlying  this  there  is : 

VII. 

FEET. 

4.     Gray  shale 1% 

3.     Carbonaceous  black  and  fissile  shale 2 

2.     Fire  clay   2 

1.     Yellow  and  irre^larly  bedded  sandstone  with 

imprints  of  stems  and  leaves  of  Stigmaria  1  to  3 

In  the  south  bank  of  the  creek,  in  the  northwest  quarter  of 
the  northwest  quarter  of  section  14,  a  dark  shale  is  seen  which 
contains  some  clay  ironstone  concretions  of  large  size,  from  two 
to  three  feet  in  diameter.  In  one  of  these  the  upper  side  con- 
sisted of  a  layer  of  cone-in-cone  while  the  body  was  made  up  of 
a  mass  of  small  spherical  concretions  of  the  size  of  large  shot 
and  of  a  radiate  structure.  Imbedded  in  this  mass  lay  some  kid- 
ney-shaped concretions  of  black  calcareous  material  containing 
fragments  of  brachiopods.  Near  the  center  of  section  13  the 
north  bank  of  the  creek  exposes  eight  feet  of  a  dark  laminated 
shale  in  which  there  are  several  bands  of  clay  ironstone,  some  con- 
taining a  Seminula  and  Lingula  mytiloides.  Not  far  from  this, 
on  the  south  bank  of  the  creek,  a  pile  of  shale  and  an  abandoned 
pit  indicate  the  site  of  an  old  coal  bank.  In  sections  27  and  35 
some  explorations  by  deep  wells  show  that  the  Coal  Measures 
are  absent  and  that  the  drift  rests  on  the  Saint  Louis  limestone. 

Cedar  Totvnship.— Most  of  this  township  is  no  doubt  underlain 
by  the  Coal  Measures,  although  they  have  been  subjected  to  quite 
extensive  erosion.  On  Crow  creek,  in  the  central  sections  the 
drift  extends  below  the  bed  of  the  stream  as  far  down  as  to  the 
southwest  of  the  center  of  section  27,  below  the  wagon  bridge, 
where  the  creek  cuts  into  three  or  four  feet  of  dark  shale  in  the 
left  bank.  This  shale  contains  considerable  pyrites  and  also 
numerous  crj^stals  of  selenite,  some  of  which  measured  four 
inches  in  length. 

Going  up  Cedar  creek  fifteen  feet  of  dark  shale  is  seen  in  the 
soutli  bank  at  the  south  end  of  the  loop  which  it  makes  to  the 
south  in  the  east  part  of  section  35.    A  band  of  kidney-shaped 


THE    DBS    MOINES.  401 

concretions  lie  at  a  level  a  few  feet  above  the  base  of  this  bank. 
In  tlio  bed  of  the  creek  and  under  the  shale  there  is  a  dark,  and 
in  places  black,  coarse  sandstone,  which  is  charged  with  minute 
grains  of  pyrites,  that  apparently  had  been  deposited  by  infiltra- 
tion. Some  of  the  sandstone  has  a  calcareous  cement  of  similar 
origin,  and  also  contains  fragments  of  the  Saint  Louis  limestone. 
This  is  no  doubt  the  basal  ledge  of  the  Coal  Measures  resting 
directlv  on  the  Saint  Louis  limestone.  A  little  south  of  the  cen- 
ter  of  the  northeast  quarter  of  section  35  the  east  bank  of  the 
creek  consists  of  Coal  Measure  shales  and  sandstone  for  a  dis- 
tance of  twenty  rods.    The  section  is  as  follows : 

Vm.     SECTION    IN   THE   LEFT   BANK  OF  CEDAR   CREEK  NEAR   THE   CENTER   OF 

THE  NE.  »4  OF  SEC.  35  CEDAR  TOWNSHIP. 

FEET. 

5.     Black  s'hale,  slightly  calcareous  and  fossil-bear- 
ing at  the  base  8 

4.  A  layer  of  calcareous  clay  ironstone  concre- 
tions. These  concretions  vary  in  size  from 
two  inches  to  nearly  two  feet 
in  longest  diameter.  The  smaller  ones 
were  found  to  have  a  core  of  calcite 
and  zinc  blende,  while  most  of  the  larger  ones 
were  checked  internally  by  numerous  shrink- 
age cracks  running  vertically  and  filled  by 
the  same  minerals  Va 

3.  Black  shale,  laminated  and  fissile  below,  and 
containing  in  the  uppermost  ten  inches  sev- 
eral fossils  such  as  Productus  semireticu- 
latus  Martin.,  P.  longispinus  Sow.,  P.  nanus 
M.  &  W..  P.  cora  D'Orbigny,  Spirifer  camera- 
CU8  Mortdti,  ChoneteSf  sp.,  Seminula  argentea, 
and  quite  an  abundance  of  a  simple  cya- 
thopylloid  coral  measuring  about  one  and  a 
half  inches  in  length.  In  the  lower  part  there 
are  numerous  concretionary  cakes  of  iron 
pyrites  measuring  some  two  inches  in  diam- 
eter with  a  thickness  of  about  a  half  an 
inch  8 

2.    Fire  clay  4 

1.  Sandstone,  which  at  the  point  farthest  south 
encroaches  upon  and  replaces  the  fire  clay. 
At  the  southernmost  end  a  six  inch  s«am  of 
coal  separates  this  sandstone  from  the  dark 
shale  (No.  3)  above  the  fire  clay  farther 
north   4 
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point.  Here,  as  in  Wasliington  county,*  there  are  no  sharp  linaiits 
to  be  drawn  between  any  of  the  members  of  the  Saint  Louis  as 
above  described.  They  all  merge  into  each  other  by  slow  grada- 
tions in  comi)Osition,  bedding  and  structure. 

THE  DES  MOINES. 

By  far  the  greater  part  of  the  area  of  the  county  is  covered  by 

the  base  of  the  Coal  Measures,  usually  known  as  the  Des  Moines. 
These  beds  overlie  the  eroded  and  uneven  surface  of  the  Saint 

Louis  formation  everj^where,  except  some  tracts  of  uncertain  ex- 
tent along  the  north  boundary  of  the  county  and  some  compara- 
tively narrow  strips  of  land  in  the  valleys  of  the  principal  streams 
where  the  underlying  Saint  Louis  has  been  laid  bare  and  appears 
as  alreadv  described.  The  Des  Moines  consists  of  shales  and 
sandstone  with  seams  of  limestone  and  coal  and  range  from  a  few 
to  at  least  150  feet  in  thickness. 

Walnut  Toirusli'ip,— Over  the  northeast  part  of  this  township 
the  Des  Moines  has  been  mostly  removed  by  erosion,  for  it  is  only 
rarely  seen.  In  sections  1  and  2  the  valley  which  is  fol- 
lowed by  the  Iowa  Central  railroad  exjwses  small  outliers  of  the 
Des  Moines,  mostly  sandstone.  Other  instances  of  small  outliers 
were  noted  in  Burr  Oak  creek,  near  the  center  of  the  west  line  of 
section  15 ;  in  a  ravine  near  the  southwest  corner  of  section  11 ; 
in  a  creek  in  the  southwest  quarter  of  the  southwest  quarter  of 
section  12  (where  it  consists  of  yellow  sandstone  with  imprints 
of  lepidodendron  and  with  iml)edded  i)ie<*es  of  charcoal) ;  in  the 
road  following  the  euist  line  of  the  southeast  (quarter  of  section 
14 ;  to  the  east  of  Walnut  creek,  in  the  northeast  quarter  of  the 
northwest  quarter  of  section  28  (here  consisting  of  shales) ;  in 
the  north  bank  of  Rockv  Branch  near  the  southwest  comer  of 
section  34  (also  shale).  Aside  from  these  occurrences  dark 
shale,  no  doubt  belonging  to  the  Coal  Measures,  have  been  en- 
countered in  some  wells  on  the  uplands,  as  in  the  northeast  quar- 
ter of  section  34,  and  in  the  south  half  of  section  14.  As  most  of 
these  obsei'vations  are  on  the  lowlands,  where  erosion  has  been 
most  extensive,  there  is  no  doubt  that  the  Des  Moines  underlies 
the  drift  on  considerable  tracts  of  the  uplands,  especially  to  the 
southwest. 


*  Bain;  Iowa  Geol    Sarv.,  Vol.  V,  p.  149. 


THE    DES   MOINES.  393 

Lockridge  Toivnship.—'ReTe  most  of  the  uplands  are  evidently 
overlain  by  the  Coal  Measures.  In  sections  4,  5  and  6  small  ex- 
posures are  occasionally  seen  in  the  bed  and  the  banks  of  Rocky 
Branch,  and  these  usually  consist  of  sandstone.  In  the  south- 
west <iuarter  of  the  southwest  quarter  of  section  14  coal  was  for 
some  time  mined  in  a  seam  almost  in  immediate  contact  with  the 
underlying  Saint  Louis  marls.  On  Brush  creek  Coal  Measure 
shales  are  frequently  and  extensively  exposed,  and  coal  mines 
have  been  successfully  operated  for  a  long  time.  Near  the  north 
quarter  post  of  section  29  shales  and  shaly  sandstone  of  this  age 
rise  to  an  elevation  of  thirty  feet  above  the  bed  of  the  stream  in 
its  south  bank,  and  near  the  bridge  in  the  wagon  road  close  by 
these  are  interbedded  with  a  seam  of  coal  about  fourteen  inches 
in  thickness.  In  section  27  there  have  been  some  of  the  produc- 
tive mines  in  the  county,  and  shales,  shaly  sandstone  and  thin 
seams  of  coal  are  frequently  exposed  in  the  south  bank  of  the 
creek.  Again,  in  section  36,  in  a  run  crossing  the  northwest  cor- 
ner of  the  sei*tion,  coal  has  also  been  mined  and  there  is  exposed 
a  ledge  of  yellowish  gray,  hard  sandstone  some  twelve  feet  in 
thickness  and  containing  imprints  of  leaves  and  stems  of  Stig- 
maria.  Several  of  the  upland  wells  have  entered  black  shales 
and  sandstones,  evidently  belonging  to  the  Coal  Measures. 

The  nature  of  the  formation  in  this  township  is  well  shown  in 
some  of  the  explorations  that  have  been  made  in  connection  with 
the  mining  of  coal.  The  shaft  of  the  mine  just  mentioned  was 
only  25  feet  deep.  Under  the  surface  dirt  there  was  first  some 
sandstone  and  then  dark  shale,  under  which  lay  the  coal  seam,  in 
all  42  inches  in  thickness.  This  consisted  of  eight  inches  of  a 
tough  cannel  coal  above,  thirteen  inches  of  ordinary  bituminous 
coal,  then  three  inches  of  fire  clay,  and  below  this  eighteen  inches 
of  bituminous  coal.  The  bank  was  worked  for  a  couple  of  seasons 
and  then  abandoned  on  account  of  water.  In  section  27  coal  has 
been  mined  for  the  last  forty  years,  and  most  of  the  coal  has  been 
removed  from  the  entire  northeast  quarter  of  the  southwest  quar- 
ter of  the  section.  The  seam  lies  at  an  elevation  slightly  below 
the  level  of  Brush  creek.  It  has  been  found  to  be  occasionally 
traversed  by  horsebacks  of  shaly  material,  locally  known  as 
'* rolls,"  but  these  have  not  been  of  such  frequency  as  to  serious- 

26  G  Rep 
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ly  aflfect  the  mining  operations.  Some  faults  have  also  been  en- 
countered. The  McGregor  shaft,  which  was  located  on  the  north- 
west comer  of  the  northwest  quarter  of  the  southwest  quarter  of 
this  section,  and  on  the  bottom  of  a  south  tributar\^  of  brush 
creek,  was  only  a  little  more  than  fifty  feet  deep,  going  through 
the  following  section: 

I.    SECTION  OF  THE  McGREGOR  COAL  SHAFT. 

FEET. 

J 2.  Surface  material  (drift)   10 

.12.  Surface  material  (drift) 10 

11.  Clay  shale  3 

10.  Blue   shale    8 

9.  Coal    2 

8.  Fire  clay    2 

7.  Shale  and  black  miner's  slate,  which  was  quite 

bituminous  and  had  a  brown  streak 25 

6.  Coal    3% 

5.  Seam  of    pyrites    V4 

4.  Coal 1 

3.  Fire  clay   3 

2.  Green  shale   8 

1.  Hard   black   rock  with   some   shells    (probably 

Saint  Louis  limestiDue) 1 

Most  of  the  coal  in  this  seam  in  the  forty  acre  tract  east  of  this 
has  been  mined  bv  W.  Brown  &  Co.  Some  acres  are  left  near  the 
center  of  the  section  (27)  and  a  mine  is  now  oj:>erated  on  this 
tract  by  W.  C.  Smith  Coal  Company,  marketing  the  output  in  Mt. 
Pleasant,  New  London,  Fairfield  and  to  the  country  trade.  The 
top  of  this  shaft  is  sixty  feet  above  the  bed  of  Brush  creek  and 
it  is  ninety  feet  deej),  going  through  the  following  section: 

II.    SECTION  OF  W.  G    SMITH  COAL  COMPANY'S  SHAFT. 

FEi-rr. 

6.  Drift 54 

5.  Shale    1 

4.  Yellow  fire  clay    3 

3.  Black  shale   9 

2.  Black  miner's  slate,  containing'  in  the  basal  part 

which  forms  the  roof  in  the  mine,  im- 
prints of  Sigillaria  Jeptoderma  Lesq., 
Lepidodendron  distans  Lesq.,  L.  aculeatum 
Sternb,  Lepidophyllum  ?  (loose  and  separ- 
ate, brown  and  somewhat  flattened  sppres, 
scattered  through  the  shale),  and  Lingula 

mytiloides    Cox     20 

1.    Coal    4*/, 
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Tlie  sliaft  was  made  last  season  and  the  entries  were  only  ex- 
tended a  few  rods,  when  the  mine  was  visited  by  the  writer.  Op 
erations  are  somewhat  impeded  by  water,  which  is  raised  by  horse 
power.  As  far  as  exploi"ed,  the  coal  di{>s  one  foot  in  ten  to  the 
north  and  on  the  south  of  the  shaft  there  is  a  fault  with  a  down- 
throw of  five  feet  in  the  same  direction.  The  fault  plane  itself 
has  a  dip  to  the  north  of  about  32^'  and  trends  W.  15^^  S. 

Round  Prairie  Tounship,—\n  the  north  two-thirds  of  this  town- 
ship the  drift  is  heavy  and  the  bed  rock  is  not  often  exposed. 
Most  likely  the  Coal  Measures  underlie  the  drift  over  most  of 
the  teriitorj'.  Some  coal  has*  been  mined  on  the  Wolf  creek  bot^ 
torn  in  the  northwest  (luarter  of  the  southwest  quarter  of  section 
3.  It  was  near  the  surface.  In  the  tributaries  of  the  Cedar,  and 
on  the  Cedar  itself,  there  are  several  i)laces  where  the  Coal  Meas- 
ures come  into  view.  In  a  ravine  running  soutli  in  the  southeast 
quarter  of  section  35,  and  at  a  distance  of  about  a  quarter  of  a 
mile  from  the  main  creek,  a  sandstone,  four  feet  thick,  rests  un- 
confonnably  on  the  Saint  Louis  limestone.  It  is  quite  coarse, 
grayish  white,  and  contained  imbedded  fragments  of  chert  and 
fossils  of  the  Saint  Louis  and  was  impregnated  with  marcasite. 
Farther  down  the  same  ravine  there  were  black  shales  in  the 
bank  of  the  run.  At  this  place  some  coal  has  been  taken  out  by 
drifting  in  the  opposite  bank,  and  the  following  section  is  seen. 

III. 

FEET. 

5.     Black  shale 12 

4.     White   sandstone    with    imbedded    small    frag"- 

ments  of  charcoal IV2 

3.     Fine-grained,  soit,   arenaceous  material 1 

2.     Wlhite  arenaceous  shale   3 

1.     White  sandstone    3 

To  the  west,  along  Cedar  creek,  sandstone  of  this  division  ap- 
pears in  several  places  overlying  the  Saint  Louis  uncomform- 
ably,  coming  down  sometimes  almost  to  the  bed  of  the  stream 
and  sometimes  resting  on  the  limestone  fifty  feet  up  in  the  bluff. 

\Pe7m  Township.— Ju  the  north  part  of  this  township  no  ex- 
posures of  the  Coal  Measures  have  been  observed  and  in  all 
probability  the  Saint  Louis  directly  underlies  the  drift  in  most 
of  this  territory.    In  the  south  half  the  most  productive  coal 
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mines  in  the  county  have  been  located  and  the  formation  is  ap- 
parently qnite  continuous,  though  natural  exposures  are  infre- 
quent. Some  of  these  are  seen  in  the  banks  of  South  Walnut 
creek  in  the  northwest  quarter  of  section  26,  and  in  sections  27 
and  23,  and  consist  of  sandstone,  greenish  gray  shales,  black 
shales  and  concretionary,  discontinuous  ledges  of  black  shaly 
limestone,  with  thin  seams  of  coal.  One-fourth  of  a  mile  north- 
west of  the  center  of  section  32  a  layer  of  hard  sandstone  con- 
taining fragments  of  charcoal  was  seen  to  rest  on  three  feet  of 
black  fissile  shale  in  the  south  bank  of  the  south  fork  of  Walnut 
creek.  Most  of  the  old  coal  banks  have  been  located  in  sections 
26,  J7,  32,  33  and  34,  and  the  local  character  of  the  formation  is 
best  revealed  in  the  explorations  made  in  connection  with  these 
enterprises.  The  seam  which  has  been  mined  lies  about  on  the 
level  of  the  bed  of  the  creek.  In  the  west  half  of  section  26  some 
coal  has  been  taken  out  by  drifting  into  the  base  of  the  south  bluflf 
almost  in  sight  of  an  outcrop  of  the  Saint  Louis  limestone  in 
the  bed  of  the  creek.  The  only  mines  now  worked  in  the  vicin- 
ity of  Perlee  are  in  section  27.  One  of  these  was  opened  ihis 
last  season  (1901)  by  Green  and  Looney  and  is  located  in  a  run 
on  the  south  bluff  of  the  south  branch  of  Walnut  creek,  south 
of  the  center  of  the  section.  It  is  only  some  twenty  feet  deej).  The 
coal  is  from  three  to  four  feet  thick  and  is  overlain  by  about 
ten  feet  of  dark  shale  in  which  there  are  three  lavers  of  calcare- 
ous  material.  One  of  these  lies  two  feet  above  the  coal  and  is 
fine-grained  and  compact  and  traversed  by  many  small  vertical 
fissures,  which  have  been  filled  with  calcite  and  zinc  blende.  The 
two  other  layers  are  discontinuous  and  apparently  more  con- 
cretionary, lying  respectively  two  and  five  feet  above  the  first 
one.  In  the  lower  part  of  the  dark  shale  a  small  Orthoceras,  a 
small  C'honetes,  and  fragments  of  fish  teeth  were  noted.  North 
of  the  creek  in  this  section  several  coal  banks  have  also  been  in 
operation,  one  of  which  lies  close  to  the  old  bed  of  the  C,  H.  I. 
&  P.  railroad.  The  old  Washington  County  Coal  Company 
worked  several  mines  in  sections  32  and  33  on  the  south  side  of 
the  south  branch  of  Walnut  creek.  A  section  of  one  of  the  shafts 
used  by  this  company  is  given  by  Keyes  as  follows:* 

♦lowaGeol.  SurT. ,  Vol.  II,  p.  395. 
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IV.    SECTIOM  OF  A  SHAFT  OF  THE  WASHINGTON  COUNTY  COAL  COMPANY. 

PERLEE. 

FEET. 

29.  Drift 33 

28.  Sand  3 

27.  Clay,  dark,  shaly 20 

26.  Shale,  black  6 

25.  Coal    3V2 

24.  Fire  clay  and  shale 10 

23.  Coal,  shaly   Syg 

22.  Fire  clay   2 

Tlie  downward  continuation  of  this  section  as  seen  in  a  pros- 
pecting hole,  beginning  usder  the  coal  worked,  is  given  by  the 
same  author  as  follows : 

FKHT. 

21.  Mixed  clays 18 

20.  Gray  shale   10 

19.  Sandstjone    12 

18.  Limestone,  gray,  impure 8 

17.  Sandstone,  fine-grained,  with  brown,  flinty  part- 
ings, laminated,  yellowish  color 22 

16.  Sandstone,  bluish,  fine-grained,  neavily  bedded.  20 

15.  Sand   shale    10 

14.  Lime  rock,  impure   2 

13.  Sand    shale,   gray,   fine-grained 8 

12.  Clay  shale,  blue 3 

11.  Sand  shale,  blue,  with  thin,  irregularly  bedded, 

impure  sand  rock 37 

10.  Limestone,  impure,  buff  colored,  fragmentary. .     2 

9.  Clays,  marly,  blue,  with  small  fossils 1 

8.  Limest-one,  impure,  bluish 3 

7.  Sand  shale,  light  blue,  with  sandstone  partings    7 

6.  Limestone,  compact,  gray,   fragmentary 2 

5.  Shale,  argillaceous,  blue  and  limestone 2l^ 

4.  Shale,  argillaceous,  gray  3*4 

3.  Limestone,  concretionary,  compact,  light  gray.     4 

2.  Marl,  gray ZYg 

1.  Limestone,  concretionary,  light,  with  gray  clay 

partings     22 

Mr.  Keyes  refers  the  lowest  ten  numbers  in  the  above  section 
to  the  Saint  Louis.  Judging  from  the  descriptions  alone,  the 
present  writer  would  include  in  this  the  lowest  nineteen  num- 
bers. On  some  of  the  shale  dumps  near  the  old  mines  in  the 
southwest  quarter  of  the  northwest  quarter  of  section  33  there 
were  observed  some  lumps  of  what  appears  to  be  a  mineralized 
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charcoal,  in  which  silica  fills  the  i)ores  of  the  vegetable  cell  work. 
Rome  lumps  were  six  inches  in  longest  diameter.  Part  of  the 
woody  tissue  bears  the  marks  of  tracheids.  There  were  also  some 
concretions  of  clay  ironstone  and  large  broken  lumpe  of  a  per- 
fectly black  sandstone,  consisting  of  crystalline  quartz  grains 
imbedded  in  a  carbonaceous  matrix.  Old  miners  say  that  cakes 
of  this  material  were  sometimes  found  on  the  upper  surface  of 
the  coal  seam.  All  of  tliese  shafts  were  quite  shallow,  ranging 
from  forty  to  one  hundred  feet  in  depth. 

A  ijurtial  record  of  the  shaft  of  the  JeflPerson  mine  near  the 
station  at  Perlee  is  given  by  Keyes,  as  follows:* 

V.    PARTIAL  SECTION  OF  THE  JEFFERSON  COUNTY  COAL  COMPANY'S  SHAFT  NEAR 

PERLEE. 

FEET. 

5.    Shale,  gray  ana  clayey  above,  becoming  black, 

fissile  below 15 

4.     Coal    3 

3.     Fire  clay,  changing"  downward  int^o  gray  clay 

shales 14 

2.     Shale,  highly  bituminous  and  coaly  in  places...     3 
1.     Fire  clay,  exposed  1 

On  Ihe  old  dump  of  tliis  mine  there  were  found  some  large 
pieces  of  silicified  trunks  of  trees,  which  must  have  been  two  feet 
in  diameter.  In  some  of  the  fragments  tracheids  could  be  ob- 
served on  the  woody  cells  with  a  weak  hand  lens.  There  were 
also  some  fissile,  gray,  caktareous  concretions  varying  from  four 
to  twenty  inches  in  diameter  and  these  were  cjuite  rich  in  fossils, 
such  as  Naulilus,  sp.  (small),  Orbiculoidea  tnissonriensis  Shum., 
Orthoceras  rushensis  McChesney  (?)  Pleurotomaria  illinoisensis 
W.,  Product  us  muricatus  N.  &  P.,  P.  nanus  M.  &  W.,  Pugnax 
rock umont ana  Marcou,  P.  uta  Marcou,  Sch'xzodus  alpina  Hall 
( ?),  Straparollus  pernodosus  M.  &  W.  On  another  old  shale  dump 
of  a  mine  on  the  northeast  quarter  of  the  northeast  quarter  of 
this  section  some  more  silicfied  wood  was  noted  and  also  some 
fossil-bearing  concretions  of  a  similar  structure  containing 
Clinopista  radiata  KM  (?),  Orthoceras  rushensis  McChesney 
(f),  Orbiculoidea  missourwnsis  Schumard,  Pleurotomaria  illi- 
noisensis  W.,  Pleurotomaria,  sp.  undet.,  Productus  muricatus  N.  & 
P.,  and  Pugnax  uta  Marcou. 

•  Iowa  Gcol.  SuFT.,  Vol.  II,  p.  397. 
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The  Jefferson  County  Coal  Company  once  made  a  drill  hole 
on  the  upland  slope  about  one-third  of  a  mile  east  of  tlie  center 
of  this  section,  and  an  old  miner  gives  tlie  following  section  of 
this  exploration  from  memory: 

VI.     SECTION  OF  IHE  JEFFERSON  COUNTV  COAL  COMPANY'S  DRILL  HOLE. 

FEET 

3.     Drift 30 

2.     Shales,  lire  clay,  and  some  seams  of  coal 70 

1.     **Soapstone''  and  limestone   (evidently  belong- 
ing to  the  Saint  Louis)   100 

From  this  and  the  previous  sections  it  is  evident  that  the  depth 
of  the  Coal  Measures  in  this  locality  is  quite  limited,  not  much 
exceeding  one  hundred  feet  The  underlying  Saint  Louis  is  ex- 
posed in  the  creeks  both  to  the  north  and  to  the  east  A  large 
block  of  limestone  was  observed  in  the  bed  of  the  creek  less 
than  three-fourths  of  a  mile  west  of  Perlee.  While  it  was  in  such 
a  place  that  it  could  not  be  with  certainty  said  to  belong  to  an 
undisturbed  ledge,  it  evidently  had  not  been  far  removed  from 
this.  The  principal  seam,  which  has  been  worked,  is  near  the 
base  of  the  formation  and  has  in  places  been  found  to  run  out 
against  the  drift,  showing  that  preglacial  erosion  extended  be- 
low the  level  of  the  coal  in  some  places.  The  area  on  which 
mines  have  been  worked  follows  the  south  branch  of  Walnut 
creek  a  distance  of  about  tliree  miles,  being  a  mile  wide.  The 
total  area  of  the  land  worked  is  less  than  one  square  mile  and 
most  of  this  has  not  been  far  from  the  creek. 

Buchanan  Township.— The  Coal  Measures  underlie  the  drift 
over  the  greater  part  of  this  township,  but  they  rarely  come  in- 
to view  owing  to  the  comparatively  small  deptli  of  the  drainage 
valleys.  Excepting  some  .  unimportant  exposures  in  Rocky 
Branch  the  principal  sections  are  seen  on  Brush  creek.  Coal  was 
for  some  time  mined  by  drifting  into  the  base  of  the  south  bluflf 
of  this  creek,  near  the  northeast  comer  of  the  northwest  quarter 
of  the  southwest  quarter  of  section  10.  This  is  only  two  miles 
south  and  one  mile  east  of  Perlee  and  the  coal  here  is  the  same 
as  at  the  latter  i)lace.  On  the  old  shale  banks  Imnps  of  the 
same  black  sandstone  were  seen,  here  with  impressions  of  the 
bark  of  trees,  and  associated  with  small  indurated  aggregations 
of  charcoal.    There  are  also  the  same  calcareous  concretions  con- 
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tainirig  some  of  the  same  fossils  as  those  near  Perlee.  A  quarter 
of  a  mile  south  and  a  little  east  of  the  center  of  the  section,  the 
south  bank  of  the  creek  exposes  two  feet  of  the  Saint  Louis  lime- 
stone and  underlying  this  there  is : 

VII. 

FEET. 

4.     Gray  shale 1^^ 

3.    Carbonaceous  black  and  fissile  shale 2 

2.     Fire  clay   2 

1.     Yellow  and  irregularly  bedded  sandstone  with 

imprints  of  stems  and  leaves  of  Stigmaria  1  to  3 

In  the  south  bank  of  the  creek,  in  the  northwest  quarter  of 
the  northwest  quarter  of  section  14,  a  dark  shale  is  seen  which 
contains  some  clay  ironstone  concretions  of  large  size,  from  two 
to  three  feet  in  diameter.  In  one  of  these  the  upper  side  con- 
sisted of  a  layer  of  cone-in-cone  while  the  body  was  made  up  of 
a  mass  of  small  spherical  concretions  of  the  size  of  large  shot 
and  of  a  radiate  structure.  Imbedded  in  this  mass  lay  some  kid- 
ney-shaped concretions  of  black  calcareous  material  containing 
fragments  of  brachiopods.  Near  the  center  of  section  13  the 
north  bank  of  the  creek  exposes  eight  feet  of  a  dark  laminated 
shale  in  which  there  are  several  bands  of  clay  ironstone,  some  con- 
taining a  Seminula  and  Lingula  mytiloidcs.  Not  far  from  this, 
on  the  south  bank  of  the  creek,  a  pile  of  shale  and  an  abandoned 
pit  indicate  the  site  of  an  old  coal  bank.  In  sections  27  and  35 
some  explorations  by  deep  wells  show  that  the  Coal  Measures 
are  absent  and  that  the  drift  rests  on  the  Saint  Louis  limestone. 

Cedar  Township.— Most  of  this  township  is  no  doubt  underlain 
by  the  Coal  Measures,  altliough  they  have  been  subjected  to  quite 
extensive  erosion.  On  Crow  creek,  in  the  central  sections  the 
drift  extends  below  the  bed  of  the  stream  as  far  down  as  to  the 
southwest  of  the  center  of  section  27,  below  the  wagon  bridge, 
where  the  creek  cuts  into  three  or  four  feet  of  dark  shale  in  the 
left  bank.  This  shale  contains  considerable  pyrites  and  also 
numerous  crj^stals  of  selenite,  some  of  which  measured  four 
inches  in  length. 

Going  up  Cedar  creek  fifteen  feet  of  dark  shale  is  seen  in  the 
south  bank  at  the  south  end  of  the  loop  which  it  makes  to  the 
south  in  the  east  part  of  section  35.    A  band  of  kidney-shaped 
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concretions  lie  at  a  level  a  few  feet  above  the  base  of  this  bank. 
In  Uie  bed  of  the  creek  and  under  the  shale  there  is  a  dark,  and 
in  places  black,  coarse  sandstone,  which  is  charged  with  minute 
grains  of  pyrites,  that  apparently  had  been  deposited  by  infiltra- 
tion. Some  of  the  sandstone  has  a  calcareous  cement  of  similar 
origin,  and  also  contains  fragments  of  the  Saint  Louis  limestone. 
This  is  no  doubt  the  basal  ledge  of  the  Coal  Measures  resting 
directly  on  the  Saint  Louis  limestone.  A  little  south  of  the  cen- 
ter of  the  northeast  quarter  of  section  35  the  east  bank  of  the 
creek  consists  of  Coal  Measure  shales  and  sandstone  for  a  dis- 
tance of  twenty  rods.    The  section  is  as  follows : 

VIII.     SECTION    IN   THE    LEFT   BANK  OF  CEDAR   CREEK   NEAR   THE   CENTER   OF 

THE  NE.  H.  OF  SEC.  3S  CEDAR  TOWNSHIP. 

FEET. 

5.     Black  S'hale,  slightly  calcareous  and  fossil-bear- 
ing at  the  base  8 

4.     A   layer   of  calcareous   clay   ironstone   concre- 
tions.    These  concretions   vary   in   size   from 

two        inches        to        nearly        two        feet 

in      longest      diameter.      The     smaller      ones 

were     found     to     have     a     core     of     calcite 

and  zinc  blende,  while  most  of  the  larger  ones 

were  checked  internally  by  numerous  shrink- 
age  cracks   running   vertically   and   filled   by 

the  same  minerals  ya 

3.     Black  shale,  laminated    and  fissile  below,  and 

containing  in  the  uppermost  ten  inches  s«v- 

eral   fossils   such   as     Productus     semireticu- 

latus  Martin.,  P.   longispinus   Sow.,  P.  nanus 

M.  &  W.,  P.  cora  D'Orbigny,  Spirifer  camera- 

CU8  MortcJH,  Chonetea,  sp.,  Seminula  argentea^ 

and    quite    an    abundance    of    a    simple    cya- 

thopylloid  coral  measuring  about  one  and  a 

half  inches  in  length.    In  the  lower  part  there 

are    numerous    concretionary    cakes    of    iron 

pyrites  measuring  some  two  inches  in  diam- 
eter  with    a    thickness    of    about   a    half    an 

inch  8 

2.     Fire  clay   4 

1.     Sandstone,  which  at  the  point  farthest  south 

encroaches  upon  and  replaces  the  fire  clay. 

At  the  southernmost  end  a  six  inch  s«am  of 

coal  separates  this  sandstone  from  the  dark  f 

shale    (No.    3)    above    the    fire    clay    farther 

north   4 
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These  beds  exhibit  a  gentle  syncline,  rising  rather  abruptly 
at  the  south  end  as  much  as  ten  feet.  This  attitude  is  probably 
not  due  to  any  flexure,  but  rather  a  feature  of  the  original  deposi- 
tion, caused  by  the  uneven  surface  of  the  underlying  Saint  Louis. 
A  mile  farther  west  pockets  of  Coal  Measure  shales  and  sandstone 

are  occasionally  seen  at  varying  levels  on  tlie  eroded  surface  of 
the  lower  formation.  A  dark  shale  like  numbers  3,  4  and  5  in  the 
above  section,  and  with  the  same  kind  of  concretions,  appears 
in  a  ravine  on  the  county  line  near  tlie  southwest  comer  of  sec- 
tion 35. 

For  most  of  the  distance  that  the  creek  runs  in  section  33  its 
south  bank  is  a  continuous  exposure  of  Coal  Measures  in  places 
resting  upon  a  low  ledge  of  Saint  Louis  limestone.  Thus,  near  the 
east  line  of  the  section  there  is  seen: 

IX.    SECTION  IN  THE  BASAL  PARI  OF  THE  COAL  MEASURES  IN  THE  SOUTH  BANK 

OF  CEDAR  CREEK  NEAR  THE  EAST  LINE  OF  SEC.  33- 

FEET. 

5.  Dark  shale,  weathering"  to  gray  with  some  crys- 
tals of  selenite 12 

4.  Black,  bituminous  shale  containing  an  abun- 
dance of  crystals  of  selenite  and  occasional 
cakes  of  fibrous  gypsum.  Some  crystals  and 
cakes  measured  five  inches  in  length  1 

.'J.  Hard,  gray  or  grayish-brown  sandstone,  oc- 
casionally black  or  greenish  black  from  in- 
filtration of  pyrites  and  other  materials.  Im- 
pressions- of  stems  of  Stigmaria  were  noted 

on  the  upper  surface  of  the  ledge 2 

Unconformity. 

2.     Greenish  shale  with  some  thin  and  uniformly 
developed    laminae   of  fine  arenaceous  mate- 
rial  (not  well  exposed) 4 

Unconformity. 

1.  Brecciated  limestone  of  the  Saint  Louis  stage, 
with  some  brecciated  siliceous  lumps   7 

The  Coal  Measures  also  appear  near  tlie  center  of  the  east  line 
of  section  32  and  in  the  south  bank  of  Cedar  creek  in  the  south- 
east quarter  of  section  29,  where  they  may  be  described  as  fol- 
lows : 
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X.    SECTION  IN  THE  SOUTH  BANK  OF  THE  CEDAR  IN  THE  SB.  H  OF  SEC.  20. 

FEET. 

4.  Black  shale    10 

green,  stony,   arenaceous   rock IV2 

green   stony,   arenaceous   rock    1 V2 

2.  Green    shale     4 

Unconfonnity. 

1.  Brecciated  limestone  of  the  Saint  Louis  group.     3 

Numbers  2  and  3  in  the  above  are  identical  with  number  2  in 
the  previous  section,  where  they  occur  under  a  coarse  sandstone. 
They  appear  again  a  little  farther  to  the  west,  where  the  bluflf 
shows  the  following  succession  of  beds: 

XI. 

FBBT. 
6.     Yellow,  sandstone    3 

5.  Yellow  shale    3 

4.     Coal   of   the   common   bituminous   kind    above, 

changing  into  cannel  coal  below    ly^ 

3.  Fire  clay    3 

2.  Black    shale,    becoming    highly    carbonaceous 

and  bituminous  below   6 

1.     Green    shale    extending   down    to    the    bed    of 

the  creek    4 

Above  this  place  the  valley  of  the  creek  is  very  wide  and  the 
bed  rock  is  not  so  frequently  seen.  In  section  19  coal  has 
been  mined  in  some  shallow  shafts,  which  are  now  abandoned. 
The  strong  mineral  taste  of  the  water  in  several  wells  indicate 
that  the  Coal  Measures  constitute  the  bed  rock  in  most  of  this 
region. 

Black  Hawk  Township.— In  this  territory  the  drainage  valleys 

are  shallow  and  the  bed  rock  was  not  seen  anywhere.    That  the 

Coal  Measures  underlie  at  least  a  part  of  this  area  is  evident 

from  the  records  of  two  wells.    One  of  these  is  in  section  6.    (See 

well  No.  1  in  the  table  of  well  records.)   It  is  situated  on  upland 

and  the  first  130  feet  went  through  drift.    Below  this  there  were 

thirt>'  feet  of  red  and  black  shale.  The  other  well  is  in  the  south- 
west quarter   of   section   27,  and  situated  on  an   upland  slope. 

Here  there  was  eighty-five  feet  of  drift  and  then  shale  with  sand- 
stone at  the  bottom.  In  the  north  the  drift  no  doubt  in  some  places 
rests  on  the  Saint  Louis,  but  it  is  probable  that  more  than  half 
of  the  area  is  covered  by  the  later  formation. 


I 
I 


.  i 


[ 


li 


.)» 


.^4  OBOLOOY    OF   JEFFERSON    COUNTY. 

Fairfield  Township.  — {F,sc\\id\Dg  the  tract  in  Tp.  71  N.,  R.  X 
W.)  In  the  three  north  tiers  of  sections  the  valleys  are  compara- 
tively shallow  and  field  observations  on  the  bed  rock  were  con- 
fined to  the  three  south  tiers.  The  Coal  Measures  underlie  tlie 
greater  part,  if  not  all,  of  the  township.  All  the  deep  wells  from 
which  records  were  secured  entered  either  sandstone  or  shale 
under  the  drift.  In  the  north  half  the  thickness  may  average 
less  than  seventy-five  feet,  but  in  the  south  half  it  evidently 
averages  more  than  one  hundred  feet,  possibly  in  places  reach- 
ing a  depth  of  150  feet.  In  the  later  region  some  of  the  wells  have 
gone  through  several  veins  of  coal,  which  disappear  in  short  dis- 
tances and  vary  considerably  in  thickness  and  elevation. 

The  greatest  exposed  depth  of  the  formation  is  seen  in  the 
north  bank  of  the  Cedar  near  the  center  of  the  northwest  quarter 


of  section  32,  where  the  creek  is  sapping  a  nearly  vertical  em- 
bankment almost  forty  feet  high,  (Fig.  61),  which  may  be  de- 
scribed as  below: 
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XII.  SECnON  OF  THE  COAL  MEASURES  IN  THE  NORTH  BANK  OF  CEDAR  CREEK 

NEAR  THE  CENTER  OF  THE  NW.  H.  OF  SEC.  3a. 

FEKT 
7.     Soft   arenaceous    shale   with   alterating  bands 

of  sandstone   7 

6.  Gray,  cross-bedded  and  somewhat  coarse  sand- 

stone     10 

5.  A   wedge   of   gray   arenaceous   shale,   thinning 

towards  the  west 3 

4.  Gray  sandstone,  slightly  cross-bedded  and  mi- 

caceous       7 

3.  Coal,  thinning  to  the  east  and  running  out  to 

the  west,  greatest  thickness 1% 

2.    Fire  clay,  gray  and  arenaceous 3 

1.  Fire  clay  and  shale  (partly  concealed).... 7 

One-fourth  of  a  mile  south  of  the  center  of  section  28  and  on 
the  west  side  of  the  wagon  road  where  this  crosses  the  old  rail- 
road embankment  is  located  the  clay  bank  of  the  Rainy  Bros.' 
tile  fnctoiy.  The  clay  which  is  hauled  away  from  this  pit  con- 
sists of  a  disintegrated  Coal  Measure  shale,  which  is  obtained  by 
stripping,  as  it  is  covered  by  about  fifteen  feet  of  loess  and  other 
drift.  The  bank  is  at  present  twentj^'-four  feet  high  and  the  mate- 
rial seen  is 

XIII. 

FKET. 

7.  Loess  and  bowlder  clay   15 

6.  Coal    Va 

5.  White  fire  clay   2 

4.  Black  shale  with  some  small  crystals  of  gyp- 

sum      3 

r>.     Coal    1 

2.  White  fire  clay   4 

1.    Greenish,  fine-grained,  micaceous  sands-tone. .  1 

To  ihe  north  along  the  creek  in  this  section  similar  exposures 
are  frequent  and  coal  has  Ibeen  mined  here  sinc^  the  early  days 
of  the  settlement  of  this  county.  Several  old  shale  dumps  are 
seen  along  a  ravine  which  follows  the  south  side  of  the  old  rail- 
road in  the  southwest  quarter  of  the  northwest  quarter  of  section 
27  and  also  in  the  northwest  quarter  of  section  28.  The  princi- 
pal coal  seam  occurs  at  depths  varying  from  thirty  to  ten  feet 
below  the  bottom  of  the  streams  and  is  from  three  to  three  and 
a  half  feet  in  thickness.  Over  it  there  is  a  black  shale,  which 
contains  large  sei)taria  occasionally  found  to  contain  fossils  such 
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as  Productus  costatus  Sowerby,  P.  semireticulatus  Martin,  and 
Spirifer  cameratus  Morton.  Miners  state  that  some  of  these  sep- 
taria  are  ven^  large  and  extend  down  into  the  coal  seain  so  as  to 
make  it  necessary  to  go  around  them  with  the  entries.  Resting 
on  this  lower  black  shale  there  is  some  thirty  or  forty  feet  of 
somewhat  changeable  shale  containing  thin  seams  of  coal,  fire 
clay  and  arenaceous  material.  On  top  of  this  there  is  a  concre- 
tionary limestone,  varjnng  from  one  to  four  or  five  feet  This 
limestone  has  a  grayish  yellow  color  and  exhibits  a  brecciated 
structure,  especially  in  blocks  which  have  been  subjected  to 
weathering.  On  a  ground  surface  it  is  seen  to  be  cut  up  by  an 
irregular  network  of  small  fissures,  some  of  which  are  too  small 
to  be  seen  by  the  naked  eye.  There  are  also  some  vermicular, 
tubular  cavities  filled  with  crystalline  calcite.  It  is  quite  com- 
pact and  strong  and  has  been  quarried  to  some  extent  and  used 
in  foundations.  It  is  overlain  by  a  black  fissile  miner's  slate, 
some  weathered  lumps  of  wliicli  were  seen  to  contain  numerous 
specimens  of  Leperditia  or  some  similar  ostracod,  a  bone  of 
Pleuropty  clavatus  Cope  (identified  by  Eastman),  and  several 
scales,  teeth  and  spines  of  fishes  of  unknown  relationship. 

In  one  of  the  wells  made  on  section  28  it  is  claimed  some  red 
ochre  was  discovered  in  the  shale.  A  sample,  said  to  have  come 
from  this  well,  was  examined  by  the  writer  and  proved  to  be  a 
red  shale,  somewhat  ochreous.  There  may,  however,  have  been 
some  real  ochre,  as  this  occurs  in  small  quantities  in  the  same 
shales  farther  west. 

Liberty  Ta?r>Ks/iip.— (Including  that  part  of  Fairfield  township 
coming  within  T]).  71  N.,  11.  X  W.)  In  this  region  coal  mining 
has  been  carried  on  for  a  long  time  at  different  places,  though  the 
operations  have  never  been  very  extensive.  At  present  four 
** banks"  are  worked,  chiefly  during  the  winter  season.  The  Coal 
Measures  underlie  the  drift  everywhere,  excei)ting  some  limited 
areas  in  or  near  the  bottom  lands  along  Cedar  creek  and  Lick 
creek.  A  little  south  of  the  center  of  the  northeast  quarter  of 
section  24,  coal  is  mined  by  1).  W.  Bates  in  a  ravine  at  a  place 
aboul  fortv  rods  south  of  the  river.  The  seam  is  variable  in 
thickness,  ranging  from  three  to  five  feet,  and  lies  at  nearly  the 
same  elevation  as  the  river  bed.    Another  seam  lies  from  five  to 
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twelve  feet  above  this  one  in  the  bluflfs  at  this  place,  separated 

from  the  lower  vein  by  fire  clay,  shale  and  some  sandstone.    At 

an  elevation  of  about  thirty  feet  some  coal  is  seen  overlain  by 

a  black  miners'  slate  and  several  feet  of  soft  sandstone.    Some 

of  this  coal  has  also  been  dug  out  by  drifting  into  the  hills. 

Several  other  old  shafts  are  seen  to  the  southwest     A  short 

distfince  to  the  northeast  of  the  center  of  the  southwest  quarter 

of  the  section  a  drift  is  now  worked  by  Bowen  and  Wilcox  in  the 

right  bank  of  a  creek.    The  coal  is  four  feet  thick.    Above  it  is 

a  black  fissile  shale  about  nine  feet  thick  and  then  a  sandstone. 
Some  explorations  have  lately  been  made  in  this  territory  and  the 

elevation  of  the  coal  seams  has  been  found  quite  variable,  chang- 
ing as  much  as  forty  feet  in  less  than  a  quarter  of  a  mile.  In 
the  west  part  of  section  14  and  in  section  15  the  creek  again  cuts 
into  the  Coal  Measures  in  the  south  bluflP.  In  the  northeast  quar- 
ter of  the  northeast  quarter  of  the  latter  section  Mr.  Albert  Gard- 
ner now  operates  a  shaft  forty  feet  deep,  close  to  the  river  bank. 
This  coal  lies  eighteen  feet  below  the  bed  of  the  creek.  It  has 
been  mined  in  several  other  places  close  by,  this  last  shaft  having 
been  made  last  year  (1900).  A  general  section  of  the  Coal  Meas- 
ures based  upon  several  explorations  in  the  region  here  is  as 
follows : 

XIV.    GENERAL  SECTION  OF  THE  COAL  MEASURES  IN  THE  NE.  H  OF  SEC.  15 

FEET. 

9.     Concretionary  limestone    1-5 

8.     Gray  shale 5 

7.     Coal    0-3 

6.     Fire  clay   0-4 

5     Sandstone,  hard,  gray 0-5 

4     Shale  30 

3.     Slate    1-3 

2.     Coal    3 

1.  Fire  clay  and  shale  7 

South  of  the  wagon  bridge  east  of  the  center  of  the  north  line 
in  the  same  section  there  rests  on  the  Saint  Louis  limestone 
the  same  green  shale  seen  in  the  base  of  the  Coal  Measures  in 
Cedar  township.  In  the  south  bank  the  following  succession  was 
quite  apparent: 
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XV.  SECTION  IN   THE   SOUTH   BANK   OF  CEDAR   CREEK  SOUTH  OF  THE  WAGON 

BRIDGE  IN  THE  NW    %  OF  THE  NE.  H  OF  SEC.  1$. 

FEET.      INCHES 

6.  Black,  coaly  shale  associated  with  a  seam  of 

coal  which  was  at  one  time  mined 

6.     Concealed 2 

4.  €hoQ3late,  purple  and  green  shale 3 

3.  An  indurated  layer  of  greenish  calcareous  ma- 

terial, which  is  a  mixture  of  fine  sand  and 
limestone  impregnated  with  pyrites.  It  has 
occasional  minute  black  fragments  of  fish  re- 
mains. The  ^argest  of  these  was  a  conical 
tooth,  fluted  at  base,  with  a  fine  polish,  and 
four  millimeters  long.  Frequently  the  calca- 
reous matrix  shows  crystalline  reflections  on 
vertical  fractures.  Ini  some  places  this  layer 
exhibits  well  formed  sun-cracks 8 

2.  Dark   green   shale   containing   calcareous    sep- 

taria  about  an  inch  and  a  half  in  diameter...     6 
Unconformity,  indicated  by  the  yellow,  weath- 
ered appearance  of  the  joints  in  the  under- 
lying rock. 

1.  Limestone  of  the  Saint  Louis 4 

In  section  3  mines  have  been  worked  in  several  places,  the 
principal  one  having  been  located  under  the  north  bluflf  south- 
east of  the  wagon  bridge  on  the  Libertyville  road.  The  old  shaft 
has  mostly  fallen  in  and  the  beds  are  partly  concealed,  but  as  near 
as  it  can  be  made  out  they  are  as  follows : 

XVI.  SECTION   IN   THE  NORTH   BLUFF  OF  CEDAR  CREEK    EAST  OF  THE  WAGON 

BRIDGE  IN  SEC.  3 

FliKT. 

7.  dray,  disintegrated  shale,  containing  occasion- 

al crystals  of  selenite  and  a  seam  with  large 
calcareous  concretions  containing  Spirifer 
cameratus  Morton,  Productus  semireticulatus 

Martin,  and  Seminula  argentea  Shepard 25 

6.    Coal    .' 1 

5.  Sandstone,  brown   1-5 

4.  Black  shale    1 

3.  Coal    1 

2.  Fire  clay  and  shale 10 

1.    Coal   (not  well  exposed,  near  the  bed  of  the 

creek)   2 

The  sandstone  varies  in  thickness  within  a  short  distance,  as 
do  also  the  other  beds. 
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Northeast  from  this  point,  in  section  2  as  well  as  in  section  3, 
dark  shales  are  seen  in  the  ravines  and  there  are  several  old  mine 
dumps.  In  section  1  several  wells  have  gone  into  dark  shale  at 
depths  varying  from  fifty  feet  to  a  hundred  feet.  To  the  west, 
in  section  5,  there  occurs  above  the  shales  and  rising  to  some  hun- 
dred feet  above  the  bed  of  the  creek,  a  grayish  yellow  and  soft 
sandstone.  It  appears  in  some  of  the  ravines.  West  of  the  cen- 
ter of  the  section  it  is  somewhat  fine-grained,  very  micaceous 
and  in  one  place  overlain  directly  by  loess. 

On  Lick  creek  coal  has  been  taken  out  for  many  years  in  the 
southeast  quarter  of  section  30.  Mr.  A.  J.  Zimmerman  is  now 
operating  a  mine  on  the  southeast  forty  acres  in  this  quarter. 
The  coal  is  three  feet  thick  and  lies  twentj^  feet  below  the  creek 
vallov.  The  roof  consists  of  a  calcareous  and  fossiliferous  shale. 
Twentv  feet  above  this  there  is  a  coarse  and  micaceous  sandstone. 
Several  shafts  have  also  been  worked  on  the  northeast  quarter 
of  section  31.  In  the  left  bank  of  the  creek  on  the  south  line  of 
section  32  a  black  shale  is  exposed,  which  contains  a  thin  indurated 
layer  one  side  of  which  was  covered  with  imprints  of  Aviculo' 
pecten  occidentalis  Shumard,  filled  with  bright  yellow  iron  py- 
rites. A  short  distance  up  the  creek  a  sandstone  ledge  is  seen  in 
the  west  bluff  about  fifty  feet  above  the  bottom. 

Polk  Toivnship.— thirty  feet  of  dark  shale  was  penetrated  in 
a  well  in  section  2.  In  some  other  wells  in  section  33  and  32  dark 
shale  and  coal  have  been  found.  In  still  others  a  limestone  has 
been  found  under  the  drift.  The  greater  part  of  the  township 
is  apparently  covered  by  the  Coal  Measures,  which  have  i^erhaps 
been  carried  away  from  most  of  the  territory  along  the  northern 
border.  The  average  thickness  of  the  formation  is  probably 
less  than  twenty-five  feet,  but  near  the  south  line  it  must  be  con- 
siderably above  this  average. 

Locust  Grove  To ?rw5/iip.— Nowhere  in  this  township  is  the 
Saint  Louis  exposed.  The  Coal  Measures  underlie  the  drift 
everywhere,  as  far  as  known.  In  two  wells  they  have  been  ex 
plored  to  a  depth  of  eighty  feet  below  the  base  of  the  drift  and 
in  one  to  about  one  hundred  feet,  and  have  been  found  to  consist 
mostly  of  shale  with  some  sandstone  and  coal. 

17  G  Rep 
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Along  Competine  creek  shales  with  occasional  seams  of  coal 
and  of  limestone  api)ear  in  several  places,  and  some  coal  has  been 
mined  at  times,  as  in  the  southeast  quarter  of  section  21.  Near 
the  center  of  this  quarter  there  is  seen  in  the  left  bank  cf  the 
creek : 

XVII.    SECTION  IN  THE  WEST  BANK  OF  COMPETINE  CREEK,  SEC    21. 

FEET. 
5.    Black  slate   1 

4.  Greendsh,  sandy  s!hale,  in  places  dark,  and  with 
septarian  nodules  *. 15 

3.  Sandstone,  greenish,  micaceous,  calcareous,  and 
shaly,  with  structures  resembling  poorly  de- 
fined  fucoids    %-l 

2.     Sandy,  green  shales 8-10 

1.  Brecciated  concretionary  limestone 3 

The  limestone  which  lies  in  the  bed  of  the  stream  at  this  place 
appears  at  intervals  for  a  mile  farther  up  the  creek  and  a  half 
a  mile  farther  down.  Above  it  are  dark  and  sometimes  black 
and  coaly  shales.  In  the  south  bank  of  Cedar  creek  in  the  south- 
east quarter  of  section  28,  some  very  compact  blocks  of  this  lime- 
stone are  seen  and  it  has  evidently  been  quarried.  It  is  here 
nearlv  two  feet  thick  and  contains  occasional  small  crevices  filled 
with  dark  zinc  blende.  Where  it  has  been  iL^ubject  to  weathering 
it  is  seen  in  a  hand  specimen  to  be  composed  of  a  purplish  matrix 
in  which  lie  as  if  imbedded  angular  fragments  of  more  compact 
limestone  measuring  from  one-twentieth  to  one-half  inch  in  diam 
eter.  The  contours  of  these  fragments  are  sharjily  marked.  The 
rock  was  otherwise  perfectly  compact,  lacking  any  semblance  of 
weak  fracture  planes  along  the  surface  of  the  fragments,  break- 
ing across  the  fragments  and  the  matrix  with  equal  facility.  An- 
other specimen  showing  no  weathering  did  not  exhibit  such  a 
plainly  brecciated  structure,  but  appeared  as  if  made  of  well  de- 
fined lumps  kneaded  together  in  a  broken  matrix.  Numerous  small 
and  fragmentary  brachiopod  shells  were  imbedded.  On  top  of  this 
ledge  farther  up  the  stream  was  a  black,  highly  bituminous  and  fis- 
sile shale,  and  this  in  turn  was  overlain  by  a  more  greenish  shale 
in  which  there  are  some  spherical,  tough  septaria  of  green  color 
which  have  internal  fissures  filled  with  calcite  and  which  con- 
sist of  carbonate  of  iron  and  are  occasionally  replaced  by  lumps 
of  almost  pure  red  ochre. 
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In  a  ravine  on  the  northwest  quart<?r  of  tlio  norflii'/iHl  (\ui\rU*r 
of  section  25,  Mr.  George  Stever  has  a  Htorwi  (juarry  in  Horriif  U**lt(im 
of  sandstone.  Several  outcroj)8  in  tho  hilln  at  thin  \p\tu'A*  hIiow 
the  following  succession: 

XVIII.     SECTION  IN  A  RAVINE  IN  THE  NW.  %  OF  THE  NW,  H  Ol'  f(Vr    §^, 

4.  Sandstone,  micaceous,  ycllowiifh  gray,  mort^  <tT 
less  disintegrated  , , , .  %0 

3.  Sandstone,  gray,  coarse,  hard  and  mU',$ii'*rot$n, 
in  heavy  ledges,  containing  o^.'^'anional  \rtiiU 
of  clay  from  one  to  five  inches  in  iliAtn^Utr. 
A  sample  of  the  quarry  r(Htk  vjfunSnU'A  of 
mainly  clear  quartz  grains,  imV>4;dd«;d  in  A 
copious  calcareous  matrix.  'Hiarti  w»s  nin// 
some  mica,  a  few  caleare//UN  grain*,  s^mi^ 
magnetite  (?>,  and  some  gr^r^fo  qujurt/,  Th*? 
quartz  grains  were  angular  an/J  tit»^nur»'4 
mostly  from  one^igfath  tr^  Km^y-hmif  mUUm^fhrrn 
in  diameter,  many  showing  cry iitaJ  fa/;^^  4'M;  t// 
secondary  enlargement J^ 

2-    Crose-bedded,   yellowtsb-gny.   mJ';a/><^)0««,   dJarfW' 

tejrrated  fiarjdjftf»ne . ,  ^ ,     H 

I-     LAzztZLA*,^  fjktt^y  #ha)e«  ju'sx^  w)th  W^/V  *^*f 

Cois^i^eraLhle  rock  of  a  i^irnilar  ^rF/ara/^t/^  fi^ui  f^^f^ti  ^\nHrn^A  tn 
coiEe?  rartoes  ea«t  of  the  fffiiXHT  of  ^^'tion  2^"/.  In  </f#4?  of  f^MesiMf 
rarioes  bed*  of  cf/X:sF!^fcTaI>fe  ^fcrj>th  ir^fre  fM/fz-^J  ;»a  fo)  I</ir« ; 

Taatz',-%     ,     . , ;  ? 

»^.-»^^  W"^  %fA*-^rf   %sA  ';x  '.n-*  /-•/Jit*'  ^ 

2.      2«3rittt^9if»,  3UV?«r  nA:n..7   v^ri«V5^    ^\'^^Tf^m/;VA*>/{ 

irw*      ...... 4 

Tbe  iftic-  'j^  tiiEi  %d2UJiEi$y>ei^  »vn««^  r/^Mir  ry/l  f;»«'  ff^m  ;*  hntuifi^ 
2^0^'*:  C-^fitr  ♦r»#^k'^     Ta^  fe#f^  »i\iif.  j  '.^<5«<  'v^^ru^iifh  ,^  ajtm 

A.7  'iiif   -ub*^  *2u^^  -r*r>  vviv  -S-'**ivit>^/;i;f^  *n4   ^^it 
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Des  Moines  Totvnship.— Excepting  a  small  area  on  Lick  creek 
in  section  25  this  whole  township  is  underlain  by  Coal  Measure 
rocks.  The  sandstone  noted  in  the  south  part  of  Locust  Grove 
township  appears  in  sections  5  and  8  and  has  been  quarried  in 
some  places,  furnishing  a  fair  rock  for  foundations.  One  ledge 
was  seen  to  be  unusually  coarse-grained.  Most  of  the  stone  is  in 
thin  beds,  in  ledges  from  four  to  eight  inches.  In  the  valley  of 
Black  creek  coal  has  been  mined  for  many  years  in  diflferent 
places.  One  mine  now  running  is  owned  by  Caves  Bros,  and 
located  about  twenty  rods  south  of  the  center  of  the  north  line 
of  section  33.  The  mine  is  shallow,  less  than  twenty  feet  deep, 
but  the  seam  of  the  coal  is  fully  four  feet  thick.  In  some  lumps 
of  the  roof  shale  Lingula  mytiloides  was  observed,  and  also  im- 
pressions of  some  Lepidodendron.  In  the  south  bank  of  the 
creek  the  following  strata  appear : 

XX.    SECTION  IN  THE  SOUTH  BANK  OF  BLACK  CREEK  NEAR  THE  CENTER  OF  THE 

SW.  H  OF  THE  NW.  H.  OF  SEC    3o 

FEET. 
3.     Fossiliferoiis,  bluish  black  limes'tone  containing 

a  large  Seminula  argentea  Schl.,  Spirifer  opi- 
mu8  Hall,  a  Derbya,  some  bryozoa,  and  many 
joints  of  crinoid  stems,  some  of  which  were 

very  large 1 

2.     Gray  shale  with  occasional  concretions   6 

1.     Shale,  black,  and  changing  to  coal  below 4 

The  limestone  appears  again  in  the  same  place  farther  down 
the  creek.  It  is  there  cut  by  straight  and  vertical  joints  into 
large  rhomboidal  blocks  and  in  places  it  has  imbedded  grains  of 
coarse  sand,  together  with  fossils.  It  also  exhibits  lenticular 
thickenings,  as  if  composed  of  concretions  which  have  become 
continuous  with  their  edges,  and  contains  some  peculiar  flow 
structures  which  resemble  the  fucoids  known  as  Spirophyton 
cauda-galli  Hall.  It  is  evident  that  the  Coal  Measures  have  a 
greater  thickness  in  this  region  than  anywhere  else  in  the  county 
and  that  there  are  two  or  three  veins  of  coal,  one  of  which  is  quite 
extensive  and  ranges  up  to  five  feet  in  thickness.  Among  other 
places  where  this  has  recently  been  mined  is  on  the  southwest 
quarter  of  the  northwest  quarter  of  section  32  (Frank  Cloke's 
bank),  on  the  northwest  quarter  of  the  southeast  quarter  of  sec- 
tion 20  (Wm.  Gonterman's  bank),  and  on  the  northwest  quarter 
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of  the  southwest  quarter  of  section  29  (James  Gonterman 's  bank). 
In  a  ravine  crossed  by  the  wagon  road  going  east  and  west 
through  the  southwest  quarter  of  the  northwest  quarter  of  sec- 
tion 28,  and  on  the  north  side  of  this  road  the  following  strata 
were  seen: 

XXI. 

FRET. 
5.     Drift    15 

4.    A  seam  of  calcareous  septaria   1^^ 

3.     Gray,   light   shale   or   marl   with   many   fossils 

such    as   Bellerophon    carbonaria   Cox,    Chon- 

etes  mesolobus  N.     and     P.,     Derby  a     crassa 

Meek     and     Hdn.,     Plenromaria     conoformis 

Worthen,  Productus  muricatus  N.  and  P.,  and 

P.  semireticulatus  Martin   5 

2.     Black  sandstone  filled  with  imprints  of  leaves.     IV2 

1.     Coal  and  fire  clay 1 

Tlie  top  of  this  exposure  lies  at  an  elevation  of  at  least  eighty 
feet  c'bove  the  bed  of  Black  creek  to  the  southw.est.  As  the  Coal 
Measures  are  known  to  extend  to  some  depth  below  the  bed,  they 
must  have  a  considerable  development  in  the  region.  The  aver- 
age tliickness  for  the  township  will  probably  not  fall  much  be- 
low a  hundred  feet.  Nor  is  there  any  doubt  that  productive  seams 
of  coal  have  a  greater  extent  than  the  present  explorations  show. 

Thickness  of  the  Des  Moines.— On  the  basis  of  the  field  obser- 
vations as  well  as  of  the  well  records,  approximate  estimates  can 
be  made  as  to  the  thickness  of  the  Coal  Measures  in  the  several 
townships.  It  will  be  seen  that  they  average  less  than  forty  feet 
for  the  entire  county  and  that  they  are  heaviest  in  the  southwest- 
em  townships. 
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PLAT  OF  ESTIMATED  AVERAGE  THICKNESS  OF  THE  DES  MOINES  IN  THE  SEVERAL 

TOWNSHIPS  OF  JEFFERSON  COUNTV  (IN  FEET.) 


Polk 
20 

Black  Hawk 
15 

Penn 
80 

Walnut 
10 

Locust  Grove 
80 

Fairfield 
75 

Buchanan 
20 

Lockridge 
40 

Des  Moines 
50 

* 

Liberty 
50 

Cedar 
20 

Bound  Prairie 
20 

It  should  be  remembered  that  the  figures  given  are  estimates 
and  that  since  both  the  upper  and  the  lower  limits  of  the  forma- 
tion conform  to  ancient  erosion  contours  there  are  apt  to  be  great 
local  variations  in  its  development.  It  is  believed  that  the  maxi- 
mum development  of  the  formation  will  not  exceed  three  times 
the  figures  given,  while  at  the  same  time  it  is  known  that  except- 
ing ^'airfield  and  Locust  Grove  townships,  the  minimum  limit  is 
zero;  that  is,  the  Coal  Measures  have  been  entirely  removed  at 
some  point  in  nearly  all  the  townships. 

In  the  main  the  Coal  Measures  consist  of  shales  and  sandstones. 
With  these  are  associated  some  seams  of  limestone,  coal  and  fire 
clay.  All  of  these  rocks  vary  greatly  in  appearance  and  run  into 
each  other  by  all  possible  gradations.  The  shales  may  be  sandy, 
calcareous,  or  coaly;  the  sandstones  may  be  shaly,  calcareous  or 
carbonaceous;  and  the  limestones  are  occasionally  sandy,  quite 
often  bituminous,  and  sometimes  shaly.  Representing  as  they 
do  the  first  sediments  in  an  advancing  sea,  such  changes  are 
quite  natural.  The  very  base  which  rests  on  the  Saint  Louis 
limestone  is  most  variable.    Probably  in  the  greater  number  of 
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cases  this  consists  of  sandstone.  In  many  instances  it  is  a  shale, 
and  sometimes  it  is  coal  and  fire  clay.  As  compared  with  other 
regions  it  may  be  said  that  there  is  an  absence  of  coarse  materials 
in  the  base  of  the  Coal  Measures  here.  Earlier  observers  haVe 
noted  the  fact  that  separate  beds  run  out  in  short  distances  in 
this  region.  No  single  seam  of  coal  has  been  worked  over  any 
extensive  region  and  it  may  be  questioned  if  any  identical  seam 
has  been  traced  for  a  distance  of  more  than  three  miles.  Never- 
theless, there  are  indications  that  there  may  be  discontinuous  oc- 
currences of  beds  of  identical  appearance  and  contemporaneous 
deposition  in  diflferent  places.  This  may  be  accounted  for  by  sup- 
posing a  considerable  irregularity  of  the  ancient  shore  line,  allow- 
ing the  making  of  synchronously  similar  as  well  as  dissimilar 
deposits.  The  writer  believes  that  the  coal  mined  by  Caves 
Bros,  in  section  30  of  Des  Moines  township,  is  to  be  correlated 
with  that  mined  by  Mr.  Smith  in  section  27  in  Lockridge  town- 
ship, and  at  the  same  time  it  is  quite  evident  that  this  seam  has 
never  been  continuous  between  the  two  places.  There  can  be  no 
doubt  that  the  limestone  quarried  in  the  northeast  quarter  of  sec- 
tion 28  in  Fairfield  township  is  to  be  correlated  witli  that  occur- 
ring in  the  south  bank  of  Cedar  creek  in  the  northeast  quarter 
of  section  28  in  Locust  Grove  township,  while  to  all  appearances 
the  two  areas  of  this  limestone  are  separated  by  an  intervening 
arenaceous  phase  of  the  formation.  The  same  limestone  occurs 
again  some  six  miles  northwest  of  Eldon,  in  Wapello  county.  As 
an  instance  of  similar  import  may  also  be  mentioned  the  recur- 
rence at  distant  places  of  a  cannel  coal  at  elevations  of  from  twen- 
ty-five to  fifty  feet  from  the  base  of  the  Coal  Measures.  This 
is  always  associated  with  some  bituminous  coal  of  the  usual  kind. 
There  also  recurs  at  about  the  same  horizon  a  sandy,  shaly  and 
coaly  limestone,  which  contains  imprints  of  a  structure  resembling 
Spirophyton  cauda-galli.  The  writer  has  observed  this  rock  in 
the  base  of  the  Coal  Measures  at  several  places  both  in  Illinois 
and  Iowa,  and  has  noted  that  it  frequently  runs  out  and  is  re- 
placed in  a  horizontal  direction  by  entirely  different  rocks. 

Like  most  old  sedimentary  rocks  this  formation  has  acquired 
some  secondary  characteristics,  chiefly  through  transportation 
and  replacement  of  some  minerals  by  the  ground  water.    It  is 
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thus  found  that  the  grains  in  the  sandstones  in  the  lower  part  of 
the  formation  have  been  increased  in  size  by  secondary  enlarge- 
ment, and  instead  of  being  rounded  usually  show  small  crystalline 
faces  which  may  glitter  in  the  sunlight  This  increases  the  rough- 
ness and  grittiness  of  the  rock,  which  is  a  constant  and  charac- 
teristic feature  of  the  basal  sandstone,  and  serves  to  distinguish 
it  from  the  underlying  sandstones  of  the  Springvale  beds.  An 
occasional  feature  of  the  lowest  one  or  two  feet  of  the  basal  sand- 
stone, and  which  has  been  noted  only  when  this  rests  on  limestone, 
is  that  it  has  had  its  interstices  filled  witli  iron  pyrites.  This 
gives  it  a  black,  dark  gray  or  greenish  gray  color.  In  the  shales 
we  find  that  the  segregation  of  a  few  minerals  has  resulted  in 
the  giowth  of  crystals  or  concretions  of  various  kinds.  Gypsum 
crj^stals  are  quite  frequent,  varying  from  sizes  that  are  barely 
visible  to  crj^stals  five  inches  long.  Calcareous  layers  have  fre- 
quently gathered  into  concretions.  In  the  same  basin  the  concre- 
tions of  the  same  seam  are  apt  to  exhibit  quite  constant  charac- 
ters as  regards  size,  shape  or  internal  structure.  The  most  com- 
mon mineral  in  these  concretions  is  carbonate  of  lime  with  a 
greater  or  less  admixture  of  carbonate  of  iron.  Quite  frequently 
these  concretions  are  cut  up  by  shrinkage  cracks,  which  have 
been  filled  by  crystalline  calcite  or  else  by  sphalerite.  In  blue  or 
greenish  shales,  which  are  rich  in  ferruginous  materials,  the 
concretions  usually  consist  of  a  stony  siderite,  which  on  weather- 
ing turns  into  red  ochre.  Lumps  of  almost  pure  red  ochre  of 
this  kind  were  noticed  in  a  green  shale  in  the  banks  of  the  Cedar 
creek  in  section  28  in  Locust  Grove  township. 
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Correlations'.— It  is  in  ever>-  way  apimrciit  tliat  tlu'  dt'posita 
containing  tlie  coal  make  up  tlie  base  of  tlu'  Coal  Mt'asiuvs.  SainJy 
members  in  this  complex,  and  also  llie  blaok  slialo  asswiateil 
with  the  coal  seams,  contain  fossil   plants   of   various    kinds. 
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Higher  up  and  in  the  calcareous  seams  these  give  place  to  braeh- 
iopods  and  moUusks,  indicating  a  change  to  a  more  open  sea. 

Chester  Shales.— With  the  Coal  Measures  there  have  been 
described  in  the  foregoing  some  green  shales  that  rest  on  the 
Saint  Louis  and  come  in  below  a  stigmaria-bearing  sandstone 
at  one  place  and  below  a  black  shale  at  another,  on  Cedar  creek. 
Concerning  these  shales  the  writer  is  in  doubt  whether  they  are 
to  be  refeiTed  to  the  Coal  Measures  or  not.  The  evidence  as  to 
where  they  really  belong  is  not  conclusive.  They  have  already 
been  sufficiently  described,  being  number  2  in  section  IX,  num- 
bers 2  and  3  in  section  X,  numbei*s  1  and  2  in  section  XI,  and 
numbers  2,  3  and  4  in  section  XV,  ranging,  as  will  be  noticed, 
from  about  four  to  ten  feet  in  thickness.  They  exhibit  a  uni- 
formity of  development  which  is  unlike  anything  that  we  are 
accustomed  to  find  in  the  Coal  Measures.  Though  the  different 
points  at  which  these  beds  occur  are  fully  six  miles  apart,  a  thin 
seam  of  more  indurated  calcareous  and  arenaceous  material  ap- 
parently maintains  itself  in  all  the  exposures,  for  it  may  be  seen 
at  an  elevation  of  about  five  feet  from  the  base  of  the  shales  at 
each  place  where  this  level  comes  into  view.  The  only  fossils 
found  belong  to  this  seam  and  consist  of  small  fragments  of  fish 
teeth  and  scales.  It  was  also  seen  to  bear  the  marks  of  sun-cracks 
in  one  place.  In  all  of  these  respects  it  is  unlike  the  shales  of  the 
Des  Moines.  The  whole  deposit  also  has  a  deeper  bluish  green 
color  than  the  latter.  An  unconformity  is  indicated  with  the 
deposits  above,  but  the  exposures  are  unsatisfactory,  and  it  may 
be  an  unconformity  in  the  bedding,  entirely  local  and  of  no  sig- 
nificance. Lying  between  the  Saint  Louis,  with  which  they  are 
plainly  unconfonnable,  and  the  Des  Moines,  these  shales  occupy 
the  horizon  of  the  Chester  fonnation  known  a  hundred  miles 
farther  south.  This  formation  consists  largely  of  green  shales 
in  its  northernmost  extension.  Possibly  there  was  a  local  sub- 
mergence here  somewhat  preceding  the  submergence  which 
brought  tlie  Des  Moines,  and  this  may  have  been  coincident  with 
a  part  of  the  time  represented  by  the  Chester  deposit  farther 
south.  The  question  must  be  left  undecided  at  present,  and  local 
students  of  the  Coal  Measures  might  profitably  attempt  a  more 
satisfactory  solution  of  the  problem  of  the  equivalence  of  these 
beds. 
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EROSION  INTERVAL. 

After  the  Coal  Measures  were  deposited  the  bottom  of  the  Car- 
boniferous sea  was  elevated  and  the  new  land  was  subjected  to 
general  erosion,  at  least  during  the  Triassic  and  Jurassic  periods, 
and  during  the  Tertiary  age.  If  a  submergence  occurred  in  the 
Cretaceous  time,  the  deposits  of  the  Cretaceous  sea  were  all  re- 
moved afterward  during  the  Tertiary  age,  when  this  region  was 
doubtless  above  water.  At  the  end  of  the  Tertiary  the  land  was 
in  the  main  such  as  it  would  appear  today,  if  the  drift  were  re- 
moved. Some  of  the  largest  of  the  present  drainage  lines  were 
already  marked  out,  for  the  bed  rock  is  still  seen  to  rise  in  their 
sides  under  the  drift  Possibly  some  of  their  present  tributaries 
were  also  in  existence  at  that  time.  The  deep  drift  in  the  basin 
of  Crow  creek  suggests  its  preglacial  existence.  Compared  with 
regions  lying  nearer  to  the  great  rivers  of  the  interior  the  pre- 
glacial topography  of  this  county  is  less  diversified.  No  deep 
buried  channels  have  been  found.  The  greatest  vertical  differ- 
ence in  the  elevation  of  the  bed  rock  as  observed  in  twenty-seven 
wells  is  110  feet.  Apparently  the  old  Tertiaiy  plain  had  no 
greater  relief  than  the  surface  of  the  present  land.  A  table  of 
these  wells,  with  records  of  the  materials  in  each  case,  is  inserted 
here. 

WELL  RECORDS  IN  JEFFERSON  COUNTY. 
Black  Hawk  Township. 
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The   Pleistocene. 

Subsequent  to  tlie  Tertiary  age  extensive  glaciers  invaded 
tliis  region  from  tlie  north  and  laid  down  sheets  of  bowlder  clay 
which  now  cover  most  of  the  north  central  states.  With  the 
overlying  loess  and  associated  gravels  and  sand  this  bowlder 
clay  is  commonly  called  the  drift.  In  Jefferson  county  tlie  aver- 
age thickness  of  the  drift  is  115  feet,  including  the  loess  and  the 
bowlder  clay  and  disregarding  local  reduction  by  subsequent 
erosion.  It  exceeds  this  dei)th  in  Buchanan  and  Cedar  townships 
and  falls  below  it  in  Walnut  and  Des  Moines  townships. 

Associated  Gravels.— In  the  eastern  part  of  the  county  a  few 
places  were  noted  where  gravels  and  sands  rest  on  the  bed  rock 
and  are  covered  by  bowlder  clay.  The  most  extensive  exposure 
of  this  kind  is  at  the  southwest  corner  of  section  1,  Walnut  town- 
ship, in  the  south  bank  of  a  ravine,  which  is  fed  by  a  number  of 
springs  that  issue  from  tlie  gravel  at  intervals  for  a  distance  of 
some  thirty  rods.  The  deposit  is  fully  twenty  feet  thick  and  lies 
at  an  elevation  of  about  100  feet  above  Skunk  river.  To  the  west 
it  is  covered  by  bowlder  clay  and  for  a  mile  in  this  direction 
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thereare  wells  in  which  tho  wnt(M*(M)nH»H  fw\)\  Iho  nmimo  mimvmI<  Mitd 
has  a  strong  mineral  taste.    1'ho  (h^powil  In  hlM:lil>'  rMrniuliiMMM  mm^I 
almost  ochreous,  brownisli  yellow  in  color,  luid  In  |iln<u«M  («itffM»Ml«<<l 
into  a  soft  stone.    The  low<»r  pari  in  it  snivel,  hut  Him  iip(M<r  Of 
teen  feet  is  an  evenly  IxnlchMJ,  IntninntcH  wnrMJ  oT  vHri/ihl^  h<t 
ture,  with  here  and  there  nilfy  nvuiun.     lN«(»(mll«  l)h«  IIiIm,  IrMf 
more  silty,  were  noted  in  the  hane  of  fhh  driCf  /if  Iwo  ollf/tf  |/r/'/il 
ities  in  this  region;  on  the  wnK^m  rond  »t  «  ^liiill/rw  dr/rv  ri/';if 
the  center  of  the  west  line  of  the  norfliw^'<*t  f^utnUtr  hf  u/^fl/^rr  1^, 
in  Walnut  township  and  at  the  ha«e  of  th^  hhiff  io  >h/v  wni//fff 
road  which  leads  down  Up  the  ford  a/'n;«4  Hkrink  f'lv/f  ifr  ^Ka  Aii*<f 
half  of  the  southeast  qnart^rr  of  HorfiMi   U   th  f //<'!< fidi^A  f/r/z^r 
ship.    Some  indnratefi  brown  sfrnv^'l  dr  9i.fuu\  w;m  ^i^/ilA  aMa/|  \h 
the  south  bank  of  a  ravine  aF>^^ve  the    ^K^tf(\    Kri/'l<fA    6a^i*    fK^ 
southeast  comer  of  ser^ion  24  in  fJ/iiirid  Otftrft*  \ffj9t\^\\\\f,     ^fh^ 
section  at  this  placf?  was  as  follows: 

ffmf 
"wilding    «ATU»  #'/, 

The  lame  -rmr^A  'V^r^nr:-*  ^n  *he  tvr^  r\^*-/f   jir^.^irntf    •^!fi/'ff  ^^/'/i^^r 
de  east  mnxuiarr^  '>f  *im  'Wmty  v>  *h^  -lonfh  ^>r  *fn<<    ^'m/*^*    in/f 
it  was  aiso  .irini^efi.  r^^tlxMr  ^>n  *m^  v»4  ,'*^>/>v    ,n  *^ro  r*;f«''fi#^  /mi 
fiTTig  into  •7efiar  *n*#>rtr   n  *h^  ^ttnth^w^*^^    iii^»^*<  vf  ti^fi'^t^^y   '/-, 

The  aiBf»^  '>f  *hi.**  nr^v^x    m    >ro^i#Tri^t;/':jfl       i  uU/i^}*/    ''*u^*'     ^i^ 

tains  a  ;;n*at   u»al   >f  Ar*'hfl^jwi  r%uif^ff\    ^m/1  ^^k*"^*^    ♦  ^'^    '^^ 

JCgUia   rer^     'iin;^.;^    '«^     !i?T^'r*<vf     /»A;^lifl^-o       ''/';^/^'.?fi    yv-^' -<'?-•     r^'' 
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almost  entirely  alraent.  Some  unique  pebbles  testify  to  this  es- 
tensive  leaching.  On  section  1,  in  Walnut  township,  the  gravel 
contains  some  pebbles  of  Hmonite,  which  are  hollow.  They  are 
of  the  shape  and  size  of  an  empty  shell  of  a  hazel  nut  Presum- 
ably these  Hmonite  shells  have  been  formed  as  incrustationa 
around  calcareous  pebbles,  which  afterward  have  been  leached 
out  by  slow  percolation  tlirougli  the  crust,  leaving  this  empty. 
The  following  table  gives  the  proportion  of  the  different  materials 
represented  among  pebbles  measuring  about  one-half  inch  in 
diameter  for  four  different  localities: 
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If  tliese  gravels  are  to  be  regarded  as  belonging  to  the  glacial 
deposits  they  may  belong  either  under  the  lowermost  or  Albertan 
drift  or  above  this  under  the  Kansan.  The  overlying  bowlder  clay 
resembles  the  Kansan,  but  it  is  in  a  locality  where  the  earlier 
bowlder  clay  may  have  been  removed,  before  tlie  Kansan  drift 
came.  Hence,  it  is  iinjiossible  to  detennine  whetlier  tliese  gravels 
are  Tertiary,  Albertan  or  whether  they  are  to  be  correlated  with 
the  Aftonian, 

The  Boulder  Ci^y.*;.  — There  are  two  bowlder  clays  in  this  re- 
gion, dejxisited  at  two  different  times:  the  Albertan,  or  pre- 
Kansan,  and  the  Kansan.  The  Albertan  rests  on  the  bed  rock 
or  on  a  thin  seam  of  gravel  or  sand.  It  is  dark  blnish  gray  or 
almost  black  and  quite  hard  and  tough.    Some  well  makers  in 
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Uaa  county  even  call  it  '*hard|>an,"  wliitrli  in  a  miittumittr.  if  fr*:- 
qnently  cimtains  pieces  of  wood  of  ffymiiotfin;r»iom*  tn^e  it.tu't  tn>- 
gnlar  fragments  of  coal.  On  i\tt:  uplan'k  thie  U/wt/iej-  i-Xu-y 
averages  sixty  feet  in  tbickoMut,  and  in  ^uM'nn  \mm  tluho  it.iny 
feet  or  more  than  seventy.  I{er<?  ax  c- Itw-wht^re  it  in  a(/t  Vi  ij,utu,u 
Beams  or  pockets  of  yell'/w  imiid  aud  iH-i-at-iou^l  KliMtkt  of  i-^^ty 
material,  especially  near  the  IfAVmt  awl  mmr  tl^r  t//fr,  ht/jtil 
aystals  of  gypenm  were  tA/mtfrvtrtl  iu  mit:  j/U***.  Il  le  uA  vffcwj 
seen  ^n  typical  es[>c«aree  aXtm^  titt^  utrmttuti.  1/ut  ie  nlwuye  f'/uitd 
mider  the  n^dands  in  tuaking  weJls. 


Oil  i«i  o^  tu^  iili^fnai  u-  i.  \*^ljt»»  »'  i4^ii'  ^tii>  1/ 
wiiici  iutt'  i#«eL  «ili«'  tij»-  Kait&ai  '.•in'-  .c  e'/H*»flu 
mark^i]   off  Irou     ti**-   .-.li^^rUii     •ritjjtr'    i»;    <    <j»,-*.'i'it'<J 

QOlw    W  eil»-    l»>     illl>^\*rjjili^'    l^li^Slfa.^    '/•     JACWil^U-    V     > 

Htm-  oll«i.  tu»    iw    '-la^r   iii^i^n    ifiii'iu^li'    lUl'    tjiiiri 

eoal.       Ixj     pUM9(»     )■    1'    (i<j)ucM'ii4«'     r«tU'J'     iin*      VJA-f      l" 
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and  slippery  earth  called  ''gumbo,"  which  is  almost  impervious 
to  water.  From  this  all  calcareous  materials  are  removed.  Near 
the  east  line  of  section  29  in  Fairfield  township  the  new  railroad 
cuts  expose  fifteen  feet  of  such  gumbo,  under  the  loess.  The 
embankments  have  slid  down  on  the  road  bed  and  it  has  been 
found  necessary  to  lay  tile  to  drain  the  ground  more  promptly. 
The  leaching  of  the  Kansan  is  quite  variable  in  depth,  changing, 
in  some  places,  from  four  to  twelve  feet  in  a  few  rods.  This 
appears  to  be  due  to  difference  in  texture,  or  perhaps  also  to 
difference  in  drainage.  In  a  few  localities  the  Kansan  drift  was 
sandy  and  obscurely  stratified  about  ten  feet  below  its  upper  sur- 
face. It  frequently  contains  calcareous  concretions  at  the  base 
of  its  upper  leached  part 

To  secure  if  possible  some  evidence  bearing  on  the  probable 
difference  of  origin  of  the  two  bowlder  clays  a  study  was  made 
of  the  frequency  of  different  kinds  of  rocks  among  the  erratics 
of  each.  About  one  thousand  pebbles,  collected  in  lots  of  one 
hundred  from  ten  localities  in  each  bowlder  clav,  were  classified 
and  tabulated.  It  was  then  found  that  the  Keweenawan  rocks, 
such  as  hornblende  rock,  diabase,  gabbro,  epidote,  a  red  arkose, 
and  also  chert,  were  slightly  more  frequent  in  the  Kansan  and 
that  Huronian  rocks  such  as  greenstone,  some  schists,  slate,  jas- 
pilite,  syenite,  and  Paleozoic  rocks,  such  as  dolomite,  limestone, 
clay  ironstone,  shale,  pyrites  and  coal,  were  more  common  in  the 
pre-Kansan,  or  Albertan  drift.  Granite,  quartz,  quartzite,  sand- 
stone and  Cretaceous  pebbles  were  present  in  about  equal  quanti- 
ties in  both  tills.  This  difference,  though  slight,  may  be  said  to 
corroborate  the  evidence  found  elsewhere  that  the  Albertan  and 
the  Kansan  till  were  laid  down  by  two  different  glacial  sheets, 
that  had  somewhat  divergent  lines  of  transportation,  the  former 
coming  more  directly  from  the  north  and  the  latter  more  from 
the  northeast,  where  the  Keweenawan  rocks  predominate.  The 
greater  abundance  of  local  and  Paleozoic  rocks  in  the  lower  drift 
is  most  likely  due  to  the  fact  that  much  of  the  Kansan  must  con- 
sist of  the  Albertan  ground  over  a  second  time,  when  the  softer 
sedimentary  rocks  would  suffer  more  attrition  than  the  more 
durable  igneous  and  metamorphic  erratics.  To  see  to  what  dif- 
ferent extent  different  rocks  suffered  reduction  in  the  glacial  mill 
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we  need  only  ascertain  the  variatiorm  of  imtcmmiIiiko  wlil<'h  i\n* 
several  rocks  make  in  assemblagoH  of  ormWrn  of  <li(f<T«<nl  f$\'Mm, 
The  result  of  some  observations  of  thin  kiriH  on  11m*  i*vvniii'H  \ii 
this  county  are  given  in  the  tabl(!  Iwlow : 

TABLE  SHOWINS  THE   PERCENTAGK   OF    DIKI'KKKNI    KtHlf^,  01'    P't'KH   AMOttO 
ERRATICS  OF  DIFFERENT  SIZES  IN  THK  IJOW/.OKK   MMVt;  or 
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the  reports  of  well  makers  it  appears  somewhat  heavier  than  this 
on  tlie  upland  divides,  but  on  the  edge  of  the  slopes  it  is  often  only 
eight  or  ten  feet.  It  usually  contains  no  calcareous  materials. 
These  appear  to  have  been  leached  out.  '^Loess-kindchen"  are 
very  rarely  found.  Fossils  were  assiduously  looked  for,  but  none 
were  seen.  In  the  east  bluff  of  Skunk  river  just  across  the  east 
boundary  of  AValnut  township  and  near  the  town  of  Coppack  in 
Henry  countj%  this  formation  is  quite  different;  it  is  consider- 
ably thicker,  somewhat  more  coarse  and  oj>en  in  texture,  it  is 
calcareous  and  contains  small  fossil  snails.  This  same  phase 
runs  northwest  in  the  bluffs  and  no  doubt  underlies  an  acre  or 
two  of  land  in  the  extreme  northeast  comer  of  Jefferson  county, 
though  this  could  not  be  verified  by  direct  observation.  On  the 
low  edge  of  upland  which  forms  the  east  bluff  of  Cedar  creek 
east  of  the  Chicago,  Burlington  and  Quincy  railroad  bridge  in 
Locust  Grove  township,  the  base  of  the  loess  exposed  along  the 
road-bed  contained  a  thin  dark  seam,  in  which  some  spherical 
nodules  of  impure  wad  were  imbedded.  Nodules  of  this  kind  are 
occasionally  found  in  boggj^  places  in  the  upland  loess  in  Illinois. 
Alluvial  Deposits.— These  form  the  terraces  and  bottom  lands 
along  the  the  streams.  The  fonner  consist  of  pebbly,  bedded 
clays  and  sands  generally  concealed  under  a  thin  mantle  of  loess. 
The  clays  are  usually  calcareous.  Owing  to  the  general  presence 
of  a  loess-like  mantle  they  are  seldom  exposed.  On  the  bottom 
lands  j^ellow  sand  usually  lies  under  a  yellow  silt.  The  latter  is 
frequently  like  loess  in  texture  and  varies  from  five  to  fifteen  feet 
in  thickness. 

A  Pleistocene  Fossil.— In  the  bed  of  Walnut  creek,  where  it 
follows  a  rocky  cliff  in  the  west  half  of  the  southwest  quarter  of 
the  northwest  quarter  of  section  28  in  Walnut  township,  Mr. 
Josia  Bates  some  years  ago  found  the  lower  jaw  of  Elepha^ 
americanus.  Both  molars  were  well  preserved  and  tlie  entire 
specimen  weighed  fifty  pounds.  From  sketches  taken  by  the 
writer.  Professor  Calvin  infers  that  the  si)ecimen  is  from  an  ani- 
mal slightly  undersized,  between  fifty  and  sixty  years  of  age.  To 
what  part  of  the  drift  it  belongs  is  not  evident* 
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Geological  Structurt. 

The  several  formations  lie  alrnoHl  Uotr/MiuinWy  In  i/<HT<«rtton 
county.  If  there  is  a  general  dip  U)  tin*  hou1Iiwi*«1,  II  U  »mmiII  umi 
the  amount  cannot  \)e  a(5(?urat(?ly  (mWtimUul,  Hmm*  funhW  \fH'hi 
dips  are  known.  The  Saint  l>ouiM  \\ttu*ptioui%  i*niH*i'Ui\\y  )n  Mm' 
upper  beds,  is  often  afFerjUfd  by  mntu^  'Iomm*  WUt*  (li'/MMR,  '^Uirh 
commonly  are  only  a  few  rodn  in  diairM^^iT,  iiii/j  wUt*iv  Mm<  tt  hUtf 
is  elevated  two  or  tlin-if  fr^ift  aU/v<'  itM  SuAifSii  nroum\  Wn'  *\hu^i 
In  tlie  extensively  bre^r/fiatif^l  Uf^lffi^  a  fault  willi  a  ^oy^hUtfo^  of 
four  feet  was  note^l  in  oiu?  t^xiffmnn^  in  ihf  uoriU  \tHii  of  i/f^'^ 
ridge  township.  Si/jall  tMonttHiUmk  of  fbiat  k^/i/J  /l^4'  //#vU/U/ 
incident  to  underground  ^y/llaf/Mr^l  ^'sivirtuk  a///J  i//  htM/i^Uoh 
and  ioloiijt izatiOfi  of  ti;^r  S^iif^t  l//o;it  f/^-^J*. 

Ii.  i   ''.:'  jfr  ,\  ^;.;>^»*  Vjis.*.  V^-^  ;^^«^  ^^.a^/r*   •^/;.f//>/^.;/ 
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and  subjected  to  erosion,  and  none  give  evidence  of  any  appre- 
ciable concomitant  tilting.  They  are  all  unconformities  without 
dip.  Places  where  the  unconformity  above  the  Saint  Louis  may 
be  seen  are  not  numerous,  and  nowhere  does  the  base  of  the  Coal 
Measures  hapi^en  clearly  to  overlap  tlie  eroded  ledges  of  the  un- 
derlying Saint  Louis.  That  the  erosion  interval  was  quite  exten- 
sive is  nevertheless  evident  from  the  fact  that  the  latter  forma- 
tion in  some  places  rests  on  the  upper  divisions  and  elsewhere 
on  the  lower  divisions  of  the  Saint  Louis.  Thus  in  sections  9 
and  10,  Liberty  township,  the  Coal  Measure  shales  rest  on  Pel  la 
marls  and  limestones,  but  under  the  bridge  near  the  center  of 
section  23  in  the  same  township  the  underlying  limestone  is  are- 
naceous and  evidently  belongs  to  the  Verdi  division.  On  Wolf 
creek  and  at  some  places  on  Brush  creek  the  Pella  beds  also  ap- 
pear, but  on  Cedar  and  Walnut  creeks  the  Coal  Measures  are 
again  often  found  resting  on  the  Verdi,  and  the  Pella  beds  are 
absent.  On  Cedar  creek,  in  Round  Prairie  township,  the  upper 
formation  rests  on  the  lower  at  levels  both  above  and  below  the 
Pella  beds,  and  reliefs  of  forty  or  fifty  feet  on  the  surface  of  the 
Pella  beds  are  evident.  Sometimes  the  Coal  Measure  shales  and 
sandstones  extend  down  into  cavern-like  or  ditch-like  excavations 
in  the  surface  of  the  limestone.  Such  instances  have  been  de- 
scribed in  sections  9  and  10,  in  Liberty  township,  and  were  noted 
in  some  of  the  sections  on  Turkey  creek.  A  doubtful  case  of  un- 
conformity has  been  mentioned  under  the  heading  *' Chester 
Shales  f  It  occurs  above  a  green  shale  lying  below  the  base  of 
the  undoubted  Coal  Measures,  in  Cedar  and  Round  Prairie  town- 
ships on  Cedar  creek,  as  already  set  forth.  During  the  Meso- 
zoic  and  the  Tertiary  ages  the  land  was  again  subjected 'to  ero- 
sion, which  was  most  extensive  and  protracted,  and  this  period 
is  recorded  in  the  unconformity  between  the  Paleozoic  rocks  and 
the  drift,  which  is  everywhere  in  evidence.  The  drift  mav  rest 
on  any  of  the  members  of  the  older  rocks  at  elevations  varying 
at  least  a  hundred  feet.  But  even  here  no  great  general  tilting 
is  apparent.  Even  this  unconformity  is,  in  the  main,  an  uncon- 
formity without  dip. 

Glacial  Scorings.—  Some  obscure  glacial  scorings  were  seen  on 
the  south  bank  of  the  middle  fork  of  Walnut  creek  northeast  of 
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Perlee.  They  were  made  on  the  surface  of  a  broken  ledge  of  the 
Saint  Louis  limestone  and  were  covered  by  calcareous  yellow 
till,  only  the  edge  of  the  ledge  being  exposed.  There  were  two 
sets  of  scorings,  one  trending  S.  75^  W.  and  the  other 
S.  35^  E.,  as  near  as  could  be  made  out.  The  exact  local- 
ity is  immediately  to  the  west  of  a  ford  across  the  stream  in  a 
private  road  about  twenty  rods  west  of  the  old  Chicago,  Rock 
Island  and  Pacific  railroad  bridge  and  about  thirty  rods  east  of 
the  west  line  of  section  23  in  Penn  township. 

ECONOMIC   PRODUCTS. 
Building  Stone. 

Although  there  are  considerable  quantities  of  building  stone 
no  extensive  quarries  have  yet  been  opened.  This  is  probably 
due  to  the  fact  that  the  best  rock  is  not  found  in  the  most  accessi- 
ble places,  and  perhaps  also  to  the  quite  general  distribution  of 
accessible  ledges  yielding  fairly  good  stone,  in  almost  every 
township.  This  latter  circumstance  has  to  some  extent  prevented 
centralization  of  the  industry.  At  some  time  or  other  rock  has 
Been  quarried  at  probably  not  less  than  half  a  hundred  different 

places,  but  not  one  quarrj^  is  now  worked  the  year  round,  or  even 
continuously  during  one  season.    The  Pella.beds  contain  several 

ledges,  which  yield  •  dimension  sfone  and  material  for  bridge 
work.  Extensive  quarries  might  be  opened  and  worked  at  sev- 
eral points  along  Cedar  creek  in  Round  Prairie  and  Cedar  town- 
ship. Soft  and  easily  worked  sandstone  might  be  quarried  at 
no  great  distance  from  the  new  line  of  the  Chicago,  Burlington 
and  Quincy  railroad  east  of  Krum.  The  sandstones  of  the  Coal 
Measures  in  Liberty  and  Cedar  townships  might  in  many  places 
yield  large,  strong  and  durable  blocks  and  slabs,  such  as  may 
be  seen  at  the  old  Lamson  residence  on  Cedar  creek  bluff,  south- 
west of  Fairfield. 

^  It  may  not  be  amiss  to  here  correct  a  misuse  of  the  name 
"granite"  which  seems  common  among  some  quarrymen  in  the 
west  part  of  the  county  who  take  out  ** granite"  from 
the  '  ledges  of  the  Coal  Measures  in  that  region.  The 
rock  which  is  here  generally  known  by  that  name  is  a  fair 
quality  of  sandstone,  in  which  the  sand  is  cemented  together  by 
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a  copious  calcareous  matrix.  It  ib  a  sti^ong  rock,  except  in  places 
where  it  has  been  subjected  to  weathering.  But  the  application 
to  it  of  such  a  name,  which  is  entirely  erroneous,  might  easily 
occasion  distrust  among  competent  workmen  and  thus  prevent 
or  delay  its  general  introduction,  even  for  purposes  to  which  it 
is  well  adapted. 

Clay. 

Only  two  firms  are  engaged  in  the  manufacture  of  brick  and 
tile.  Kainy  Brothers  operate  a  drain-tile  and  brick  factory  imme- 
diately west  of  the  city  of  Fairfield.  It  is  located  on  the  south 
side  of  the  Chicago,  Burlington  &  Quincy  railroad,  just  west  of 
the  city.  The  value  of  the  plant  is  estimated  at  $15,000.  Some 
nineteen  men  are  employed,  and  last  year  the  company  made  and 
sold  about  700,000  brick  and  830,000  tile,  the  former  retailing 
at  $7.50  and  the  latter  at  from  $10.00  to  $60.00  per  thousand, 
according  to  size.  The  tile  is  usually  dark  in  color.  It  is 
strong,  durable  and  uniformly  well  burnt.  Considerable  quan- 
tities of  a  twelve  inch  tile  without  rim  are  made,  and  this  has 
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been  used  for  sewers  in  Fairfield.  Two  kinds  of  clays  are  tised 
The  clay  pit  near  the  plant  contains  loess  above  and  a  leached 
gumbo  below.    Both  the  loess  and  the  gumbo  are  entirely   free 
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from  lime.  With  this  is  mixed  a  weathered  Coal  Measure  clay 
in  proportions  varying  from  one-third  to  one-half  of  the  whole. 
Each  is  first  ground  or  thoroughly  crushed  and  then  the  two  in- 
gredients are  mixed  in  a  pug  mill.  The  Coal  Measure  clay  con- 
tains a  large  amount  of  fire  clay  and  is  hauled  a  distance  of  a 
mile  and  a  half.  Drying  is  by  steam,  and  all  burning  is  done  in 
five  down  draft  kilns.  Most  of  the  tile  is  exported  to  the  west 
part  of  the  state,  to  Chariton,  Creston,  Shenandoah,  Milo  and 
Dallas  Center.    Most  of  the  brick  is  consumed  by  the  home  mar-  ^^ 

ket,  but  some  has  been  shipped  for  sidewalks  to  outside  places, 
notably  to  Lenox  and  Kent  The  Keb  coal,  from  near  Ottumwa, 
is  exclusively  used  in  the  kilns. 

Downey  &  Mitchell  operate  a  brick  and  tile  factory  at  Pack- 
wood.  About  150,000  brick  and  as  many  tile  are  made  in  a  year. 
Five  men  are  usually  employed.  A  twelve  horse  power  engine 
runs  a  soft  mud  machine.  The  product  is  all  dried  in  a  shed  and 
burnt  in  two  down  draft  kilns.  Brick  brings  $8.00  per  thousand 
and  four  inch  tile  $13.00.    Nearly  all  the  tile  made  is  of  this  size.  i 

Most  of  it  is  sold  in  the  home  market,  and  the  rest  is  freighted  to  i 

the  nearest  stations.    The  clay  used  is  a  leached  and  weathered  up-  j 

land  loess. 

In  conclusion  it  may  be  said  that  this  county  has  an  abundance  I , 

of  well  weathered  clays  at  a  number  of  localities,  suitable  for  the  I : 

manufacture  of  brick  and  tile.  jj 

Coal. 

A  detailed  account  has  already  been  given  of  the  distribution 
and  character  of  the  Coal  Measures,  and  it  is  hardly  necessaiy 
to  say  much  here  on  the  economic  side  of  the  same  subject.  The 
Jeflferson  County  Coal  Company,  operated  some  mines  at  Perlee 
from  1870  to  1884.  About  100  acres  of  coal  were  taken  out.  They 
supplied  the  Chicago,  Rock  Island  &  Pacific  Railroad  company 
with  an  average  of  about  eighty  tons  a  day  for  fourteen  years. 
The  Washington  Coal  Company  also  operated  quite  extensively 
for  several  years  at  the  same  place.  Still  earlier  considerable 
quantities  of  coal  were  for  many  years  shipped  from  the  mines 
northwest  of  Lockridge.  At  present  only  one  mine  ships  coal 
and  its  annual  output  does  not  exceed  3,000  tons.    This  is  the 


434  GEOLOGY  OF  JEFFBR80N  COUNTY. 

W.  0.  Smith  Coal  Company,  near  Lockridge.  The  decline  in 
price  of  coal  is  regarded  as  the  chief  cause  of  the  late  decline  in 
the  industry.  Small  mines,  or  *' banks,*'  are  worked,  usually 
only  in  the  winter,  at  a  number  of  places,  as  may  be  seen  from 
the  statistical  table  below.  Occasional  mining  or  quarrying  of 
coal  is  also  done  by  the  farmers.  It  is  safe  to  say  that  coal  has 
at  one  time  or  another  been  taken  out  at  half  a  hundred  different 
places  throughout  the  county. 

A  glance  at  the  geological  map  shows  that  this  region  is  on  the 
edge  of  the  Coal  Measures.  To  the  north  they  have  been  carried 
away  by  erosion.  Even  in  the  south  part  of  the  county  they  have 
frequently  been  cut  through  by  the  streams.  Probably  there  are 
places  on  the  uplands  where  they  are  absent  under  the  drift  in 
the  south  and  in  the  middle  tiers  of  townships.  It  has  been  shown 
that  the  contained  coal  seams  are  very  changeable,  thinning  out 
and  disappearing  in  short  distances.  At  times  there  is  no  coal 
in  tlic  shales  and  sandstones  which  remain.  This  unreliable 
character  of  the  seams  has  interfered  with  extensive  mining,  and 
no  doubt  always  will. 

On  the  other  hand,  it  cannot  be  doubted  that  many  times  more 
workable  coal  yet  remains  than  has  been  taken  out.  An  examina- 
tion of  the  location  of  the  mines  will  show  that  they  have  invari- 
ably been  located  on  outcrops  along  the  streams,  or  in  the  vicin- 
ity of  such  places.  Not  one  mine  has  been  located  by  prospecting 
on  the  uplands  away  from  the  streams.  Evidently  such  locali- 
ties have  suffered  least  from  erosion  and  the  best  chances  for 
coal  ought  to  be  there.  But  such  prospecting  will  always  be 
expensive.  It  must  be  thorough  and  it  should  be  done  by  com- 
petent and  reliable  men.  No  one  should  undertake  it  without 
sufficient  means.  The  writer  believes  that  workable  seams  of 
coal  may  be  found  by  prospecting  on  the  uplands,  especially  in 
Des  Moines,  Liberty  and  Locust  Grove,  and  probably  also  in 
Penn,  Buchanan,  Fairfield,  Cedar,  Round  Prairie  and  Lockridge 
townships. 
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Water  Resources. 

The  general  level  of  the  ground  water  has  steadily  and  grad- 
ually sunk  throughout  this  region  since  it  has  come  under  culti- 
vation. The  change  ranges  from  five  to  thirty  feet.  In  the  city 
of  Fairfield  shallow  wells  must  now  be  made  from  ten  to  fifteen 
feet  deeper  than  in  the  early  days  of  the  settlement  to  secure 
water.  Near  the  broken  tracts  following  the  streams  shallow 
wells  have  begun  to  fail  entirely  and  farmers  are  now  beginning 
to  drill  deep  wells  drawing  water  from  the  bed  rock.  To  insure 
a  good  and  constant  supply,  such  wells  should  go  through  the 
Coal  Measures  and  into  the  Saint  Louis,  except  in  places  where 
the  former  consist  largely  of  sand  rock.  Owing  to  the  variabil- 
ity in  the  development  of  the  Coal  Measure  strata,  deep  wells 
in  this  county  must  also  necessarily  vary  and  no  general  rule 
can  be  laid  down  for  well  makers  here.  This  is  shown  by  past 
experience,  and  uncertainty  of  results  is  one  of  the  reasons  why, 
as  yet,  comparatively  few  deep  wells  have  been  made.  The  up- 
lands on  the  divides  in  Polk  and  Black  Hawk  townships  consti- 
tute an  exceptional  region.  Here  the  underground  drainage  is 
almost  stagnant  and  the  water  lingers  on  the  surface  of  the  Kan- 
san  till  at  the  base  of  the  loess  and  there  is  yet  a  constant  supply 
which  can  be  reached  at  depths  varj^ing  from  fifteen  to  twentj^- 
five  feet. 

The  water-works  at  Fairfield  were  built  in  1884.  They  consist 
of  a  standpipe  eighty  feet  high  and  twelve  feet  in  diameter  and 
a  pumping  station  with  two  fifty  horse  power  engines.  The  level 
of  the  base  of  the  standpii)e  is  thirteen  feet  below  the  level  of 
the  piiblic  square.  Two  deep  wells  were  used  for  a  short  lime 
at  fii'st,  but  proved  unsatisfactory.  Two  reservoirs  were  then 
constructed,  which  are  supplied  with  a  sufficient  supply  of  sur- 
face drainage  from  a  natural  basin  (park)  located  north  of  the 

city.  The  city  has  four  and  a  half  miles  of  water  mains  with 
forty  hydrants  and  400  taps.  In  1900  thirty-eight  million  gal- 
lons were  pumped. 

Soils. 

The  soil  is  mostly  loess.  On  the  flat  uplands  the  black  mould 
is  from  two  to  four  feet  deep.  On  a  divide  east  of  Fairfield  it 
has  been  rich  enough  in  carbonaceous  material  to  be  used  for  the 
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making  of  railroad  ballast.  On  the  slopes  the  soil  consists  of 
weatliered  bowlder  clay  with  a  superficial  admixture  of  loess.  In 
such  places  it  contains  a  few  small  pebbles.  On  the  high  terraces 
along  Cedar  creek  there  is  a  greater  admixture  of  fine  clayey 
material  and  the  soil  is  more  adherent  and  more  retentive  of 
moisture.  In  drj^  seasons  it  becomes  quite  hard.  The  soil  on  the 
bottom  land  is  invariably  a  rich  black  loam.  The  only  place  in 
the  county  where  there  is  a  more  open  and  sandy  soil  is  on  the 
south  bluffs  of  the  Cedar  in  sections  4,  5  and  6,  in  Liberty  town- 
ship. In  this  vicinit^^  some  of  the  farmers  have  engaged  in  the 
raising  of  small  fruit  and  garden  truck.  The  thorough  leaching 
of  the  ground  in  this  countj^  has  left  a  small  amount  of  carbon- 
ate of  lime  near  the  surface  as  compared  with  some  other  parts 
of  the  state,  and  it  is  probable  that  an  artificial  supply  of  this 
mineral  might  improve  the  soil  in  some  places  on  the  flat  uplands. 
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INTRODUCTION. 

LOCATION  AND  AREA. 

Wapello  county  fonns  one  of  the  second  tier  of  counties  north 
of  the  Missouri  line  and  is  fourth  in  order  of  succession  from  the 
Mississippi  river.  It  is  thus  situated  well  toward  the  southeast- 
em  part  of  the  state.  Its  northern  boundary  is  formed  by  Ma- 
haska and  Keokuk  counties.  JeflFerson  borders  it  on  the  east, 
Davis  on  the  south  and  Monroe  on  the  west. 

Included  within  these  boundaries  are  twelve  congressional 
townships  with  a  total  area  of  432  square  miles.  The  Des 
Moines  river  crosses  the  county  diagonally  from  northwest  to 
southeast. 

Wapello  is  one  of  the  leading  coal  counties  of  the  state  and  in 
1901  it  ranked  seventh  in  the  production  of  that  mineral.  It  also 
holds  an  imimrtant  place  as  a  producer  of  clay  products  and 
stone.  The  importance  of  the  mineral  resources  of  the  county 
is  shown  by  tlie  fact  that  in  1901  the  total  value  of  its  coal,  clay 
and  stone  amounted  to  $404,503. 

PREVIOUS  GEOLOGICAL  WORK. 

The  first  geologist  to  visit  this  region  was  1).  D.  Owen,  who 
in  the  summer  of  1849  made  a  trip  up  the  Des  Moines  as  far  as 
Fort  Dodge.  In  his  report*  he  mentions  the  heavy  beds  of  Coal 
Measure  sandstone  occurring  along  tlie  river  between  Eldon  and 
Ottumwa  and  the  ledges  of  limestone  outcropping  at  and  above 
the  latter  town.  Several  beds  of  coal  were  noted  on  Sugar  creek 
and  along  the  river  below  the  mouth  of  that  stream. 

In  1856  A.  H.  Worthen  made  an  examination  of  the  valley  of 
the  Des  Moines  and  gives  in  his  report  several  sections  occur- 
ring along  that  river  in  Wapello  county. f  During  the  follow- 
ing year  the  same  geologist  again  visited  the  region  and  pub- 
lished a  brief  general  account  of  the  geologj^  of  the  county.  X  At 
that  time  the  principal  coal  banks  were  in  the  neighborhood  of 
Dalilonega  and  Kirkville,  and  in  the  river  bluffs,  four  miles  be- 

*Geol.  Surv.  of  Wis.,  Iowa  and  Minn.,  pp.  113-114,  Philadelphia,  18S2. 
tGeol.  of  Iowa,  Vol.  I,  pt.  i,  pp.  163-160.     i8s8. 
;  Geol.  of  Iowa,  Vol.  I,  pt.  i,  pp.  a 48-258,  1858. 
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low  Eddjr\dlle.    In  1867  C.  A.  White  visited  the  coal  mines  which 
were  then  in  operation  in  the  county  and  in  his  report*  gives 
their  location,  together  with  the  thickness  and  number  of  veins. 

The  record  of  one  of  the  artesian  wells  put  down  at  Ottumwa 
was  published  in  1889  by  C.  H.  Gordon+  and  the  record  of  this 
and  another  well  is  given  and  discussed  by  W.  II.  Norton  in  his 
report  on  the  Artesian  Wells  of  Iowa  In  1893  the  coal  mines 
of  the  district  were  visited  by  members  of  the  present  Survey 
and  a  brief  account  of  tliem  is  contained  in  the  leport  on  the 
Coal  Deposits  of  Iowa,  by  C.  R.  Keyes  J^ 

From  the  above  it  will  be  seen  that  little  work  had  been  done 
on  the  geologj'  of  Waj^ello  count}'  except  that  of  a  fragmentary 
and  very  general  nature,  which  was  all  it  was  possible  to  do  in 
the  time  whicli  had  been  devoted  to  the  studv  of  the  area. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  topography  of  this  region  is  due  entirely  to  erosion  and 
the  valleys  and  ridges  have  been  formed  by  the  action  of  run- 
ning water  on  the  soft  drift  materials  and  the  underlying  indur- 
ated rocks.  The  region  was  once  a  level  or  nearly  level  drift 
plain,  from  whicli  the  inequalities  of^  the  present  surface  have 
been  carved  by  the  streams.  The  greater  ix)rtion  of  this  plain 
has  been  thoroughly  dissected  and  deep  valleys  eroded  in  it.  In 
the  northeastern  part  of  the  countj^  the  surface  has  been  much 
less  affected  by  erosion  than  the  rest  of  the  area,  the  land  is  gen- 
tly rolling  and  the  creeks  have  cut  comparatively  shallow  val- 
leys. In  strong  contrast  with  this  are  the  southwestern  townsliips 
and  those  crossed  by  the  Des  Moines  river.  In  these  the  sur- 
face has  been  deeply  cut  by  valleys  whicli  branch  and  rebranch 
in  all  directions  and  produce  a  rough  and  rugged  topography. 
But  all  the  divides  are  seen  to  rise  to  tlie  same  height,  and  if  the 
valleys  were  filled  up  to  the  same  level  the  original  plain  would 
be  restored.    This  thoroughly  and  deeply  dissected  area  includes 

*  Second  Aon.  Rep.  of  S  ate  GeoIoKiat,  pp.  108-111,  1868. 
Geol.  of  I0W8,  Vol    II,  pp   ibi-ijo    Des  MoiDes,  1870. 
im    Geol.,  Vol.  IV,  pp    237-239,  1889. 
Iowa  Geol.  Surv.,  Vol    VI.  pp.  1  7-320.  D.-s  Moines,  1896. 
Iowa  Geol.  Sarv.,  Vol.  II,  pp.  jHyy^i*  Oes  Moioes,  1894* 
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Green,  Keokuk  and  Polk  townships,  with  parts  of  Adams,  Cen- 
ter, Cass,  Columbia  and  Richland.  The  upland  jjlain  includes 
Highland,  Competine  and  Pleasant  townships,  together  with 
parts  of  Dahlonega,  Agency  and  Washington  townships.  A 
northwesl^southeast  line  passing  through  Kirkville,  Dahlonega, 
Agency  City  and  Ashland  would  separate  this  rolling  plain  from 
the  deeply  eroded  and  rough  country  bordering  the  Des  Moines 
river  and  lying  south  and  west  of  it 

The  most  marked  topographic  feature  of  the  re^on  is  the 
broad  valley  of  the  Des  Moines.  That  stream  crosses  the  county 
diagonally  from  northwest  to  southeast  and  has  cut  its  broad  val- 
ley to  a  depth  of  from  150  to  200  feet.  The  flood  plain  varies  in 
width  from  one-half  to  two  miles,  the  average  being  about  one 
mile.  From  Eddyville  to  Otturawa  the  valley  is  noticeably  nar- 
rower than  it  is  below  the  latter  town.  Above  Ottumwa  the  aver- 
age width  is  less  than  three-quarters  of  a  mile,  while  from  Ot- 
tumwa to  Eldon  it  is  one  and  one-quarter  miles.  A  large  part 
of  Ottumwa  is  built  on  the  broad  bottom  land  of  the  Des  Moines, 
whose  valley  here  broadens  out  until  just  below  the  town  it  has 
a  width  of  two  miles. 

This  difference  in  the  width  of  the  valley  is  probably  due  to  a 
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difference  in  the  rock  in  which  it  has  been  carved.  Below  Eddy- 
ville  as  far  as  the  county  seat  the  river  has  cut  its  channel 
through  the  soft  Coal  Measure  shales  and  into  tlie  harder  and  more 
resistiint  Saint  Louis  limestone.  Below  Ottumwa  the  limestone 
lies  beneath  the  bed  of  the  river  and  the  stream,  in  fonning  its 
valley,  has  had  to  erode  only  the  easily  washed  shales  and  soft 
sandstones.  The  recession  of  the  sides  by  lateral  cutting  of  the 
river  and  by  atmospheric  agencies  would  progress  rapidly  in 
these  readily  affected  materials.  On  the  other  liand,  where  the 
channel  is  in  limestone,  the  widening  process  goes  on  less  rapidly 
owing  to  the  greater  resistance  offered  by  the  latter  rock. 

In  the  broader  portion  of  its  valley  between  Ottumwa  and 
Eldon  the  Des  Moines  meanders  back  and  forth  across  it8  flood 
plain,  striking  first  one  bluff  and  then  the  otlier.  At  the  former 
place  the  river  makes  several  broad  loops  and  its  course  has 
obauged  in  recent  times,  as  is  shown  by  an  old  abandoned  chan- 
nel. Another  excellent  example  of  stream  meanders  is  fur- 
nished by  Soap  creek  as  it  flows  across  the  flood  plain  of  the  Des 
Moines  river,  in  the  southeastern  comer  of  the  countv. 

The  behavior  of  Village  creek  when  it  enters  the  valley  of  the 
Des  Moines,  in  section  8  of  Keokuk  township,  in  so  f>eculLar  as 
to  deser\e  notice.  As  soon  as  tlie  flood  plain  of  the  latter  stream 
is  reached,  instead  of  keeping  on  in  the  same  dire<5tion  as  before, 
it  turns  abruptly  and,  taking  a  course  at  right  angles  to  it8  for- 
mer one,  it  follows  along  clos<^  to  the  side  of  the  valley  and  enters 
the  river  a  mile  or  more  l>elow.  The  cause  of  the  creek  taking 
this  course  and  following  the  bluff  is  probably  found  in  the 
slight  outward  slojie  of  the  flood  plain.  It  is  well  known  that 
there  is  a  tendency  for  a  flood  plain  to  be  highest  next  the  river, 
where  the  deposition  of  silt  goes  on  most  rapidly,  and  from  thi« 
point  it  slopes  gently  toward  tlie  sides  of  the  valley.  On  this 
account  when  a  tributan'  stream  enters  a  vaJlev  it  mav  be  com- 
pelled  to  follow  down  along  one  side,  where  the  land  is  lowest, 
until  a  favorable  opfxirtunity  is  afforded  for  joining  the  larger 
stream.  In  the  i>resent  instance  this  is  wlien  the  river  maJbes  a 
bend  and  comes  over  to  its  west  bluff-  North  Aver>'  creek  at 
one  time  followed  the  edge  of  tlie  flood  i>lain  in  the  same  way  as 
Village  creek  and  entered  the   I>es   Moines  at  ChilUcothe,  one 
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mile  below  its  present  mouth.  The  old  channel  still  remains  and 
is  occupied  by  the  river  during  ordinary  stages  of  the  water. 
The  formation  of  a  new  mouth  and  the  abandonment  of  its  old 
channel  were  caused  by  lateral  cutting.  At  the  bend  where  the 
creek  abruptly  changed  its  course  the  current  was  swiftest  on 
the  outer  side,  the  cutting  of  the  bank  was  most  rapid  at  that 
point  and  the  creek  thus  gradually  shifted  its  channel  until  it 
entered  the  main  stream  by  its  present  mouth.  On  the  map  of 
the  county  made  six  or  seven  years  ago,  North  Avery  is  repre- 
sented as  emptying  into  the  river  by  way  of  its  old  channel  and 
its  new  mouth  has  probably  been  formed  within  a  few  years. 

The  Des  Moines  and  its  tributaries  have  eroded  their  vallevs 
through  the  drift  and  have  cut  down  deep  into  the  Coal  Meas- 
ure strata,  while  in  the  northwestern  part  of  the  county  they  have 
worn  their  channels  into  the  underlying  Saint  Louis  limestone. 
At  Ottumwa,  where  the  Des  Moines  flows  over  the  ledges  of  this 
limestone,  the  Coal  Measures  rise  from  100  to  150  feet  above  the 
river  and  at  Eldon  to  a  height  of  135  feet  above  the  same  stream. 

The  chief  drainage  lines  of  the  county  appear  to  be  preglacial. 
The  valleys  of  the  Des  Moines  and  its  larger  tributaries  were 
probably  formed,  at  least  in  part,  before  the  advent*  of  the  ice 
sheet.  During  glacial  times  they  were  filled  with  drift  and  the 
entire  region  was  covered  with  a  mantle  of  that  material  which 
obliterated  the  topographic  features  previously  existing.  TTpon 
the  retreat  of  the  ice  a  nearly  level  drift  x>laih  was  left  wliere 
before  there  had  been  a  surface  deeply  cut  by  the  stream  into 
valleys  and  ridges.  But  in  the  old  preglacial  valleys  wliere  the 
drift  was  thickest  it  would  settle  more  than  upon  the  uplands 
over  which  it  was  thinner.  Slight  depressions  would  thus  come 
to  occupy  the  place  of  the  former  valleys  and  these  sags  would 
be  taken  possession  of  by  the  streams  which  established  them- 
selves on  the  surface  upon  the  withdrawal  of  the  ice.  These 
streams  would  quite  readily  carry  away  the  loose  materials  of 
the  drift  until  they  had  cut  their  way  down  to  the  bed  rock,  clear- 
ing out  and  deepening  the  former  waterways. 

That  the  valleys  are  preglacial  is  shown  by  the  fact  that  in 
places  the  drift  is  seen  to  follow  down  the  sides,  covering  up  the 
strata  which  once  formed  the  walls.    This  is  what  would  be  ex- 
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peeted  if  the  valleys  were  already  formed  when  the  niantle  of 
drift  was  laid  down. 

Tho  following  table  gives  the  elevations  above  tide  of  the  prin- 
cipal towns  of  the  county  and  several  just  outside  tlie  area.  The 
figures  are  taken  from  Gannett 's  Dictionary  of  Altitudes  in  the 
United  States: 

LOCALITIES.  KLETATION. 

Agencj 807 

Batayia 7347 

BidweU 7«0 

Blakesbarg 91« 

ChUlicothe 6«) 

Dudley 674 

EddjYille 676 

Eldon 630 

Hedrick     827 

Highland 780 

Ottumwa 650 

Batavia  is  just  over  the  east  line  of  the  county  and  Hedrick 

is  a  mile  from  the  north  line.  Agency,  Blakesburg,  Hedrick  and 
Highland  are  located  on  the  upland  plain,  while  the  other  towns 

are  located  in  the  valleys.     The  highest  part  of  the  area  is  in 

Adams  township,  in  the  vicinity  of  Blakesburg,  and  the  lowest 

point  is  in  the  Des  Moines  valley  at  Eldon. 

DRAINAGE. 

The  drainage  of  Wapello  county  has  reached  its  maturity.  The 
streams,  with  their  numerous  tributaries,  reach  out  to  all  parts 
of  the  land  and  carry  off  tlie  water  as  rapidly  as  it  falls  upon 
the  surface.  The  Des  Moines  and  its  tributaries  drain  about 
two-thirds  of  the  area,  and  the  affluents  of  the  Skunk  river,  Com- 
petine  and  Cedar  creeks,  with  tlieir  branches,  drain  tlie  oUier 
third.  The  former  drainage  system,  as  already  stated,  has  cut 
valleys  which  are  much  deeper  than  tliose  fonned  by  the  latter 
system.  The  major  stream  and  its  chief  tributaries  flow  in  val- 
leys from  150  to  203  feet  in  depth,  while  Competine  and  Cedar 
creeks,  which  drain  the  northeastern  townships,  have  valleys 
with  a  depth  of  not  more  than  forty  to  sixty  feet  They  are  broad, 
with  gently  sloping  sides,  and  in  no  place  do  they  extend  thi'ough 
the  drift  to  the  underlying  Coal  Measures.    Though  the  drainage 
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lines  of  the  northeastern  townships  ramify  over  the  surface  un- 
til they  reach  all  portions  of  the  area,  the  channels  are  shallow 
and  the  land  is  not  deeply  dissected  as  in  other  portions  of  the 
county.  The  reason  the  tributaries  of  the  Skunk  river  have  not 
eroded  their  valleys  to  the  same  depth  as  those  of  the  Des  Moines 
system  is  found  in  the  fact  that  the  former  streams  flow  long  dis- 
tances before  entering  the  Skunk  river,  and  the  latter  in  turn 
enters  the  Mississippi  over  thirty-five  miles  above  the  mouth  of 
the  Des  Moines.  Cedar  and  Competine  creeks,  therefore,  have 
much  less  of  a  fall  and  erode  their  channels  more  slowly  than  the 
Des  Moines  drainage  system.  The  Des  Moines,  being  a  large 
stream,  has  been  able  to  cut  its  valley  at  a  comparatively  rapid 
rate  and  its  tributaries  have  carved  their  valleys  down  to  the 
same  base  level. 

The  chief  tributaries  of  the  Des  Moines  river  are  North  Aver}% 
South  Avery,  Bear,  Village  and  Soap  creeks,  all  of  which  enter 
it  from  the  west  or  southwest    The  streams  flowing  in  from  the 

nortli  are  smaller,  the  majority  of  them  being  only  a  few  miles 
in  length.     They  have  narrow,    steep-sided    valleys    and    their 

courses  are  approximately  at  right  angles  to  the  major  stream. 

In  traversing  the  county  from  the  northwest  comer  to  the 

opposite  one,  a  distance  of  twenty-eight  miles,  the  Des  Moines 

has  a  fall  of  forty-eight  feet.    But  the  gradient  below  Ottumwa 

is  twice  as  great  as  it  is  above.    From  Eddyville  to  Ottumwa  the 

river  has  a  fall  of  one  and  one-eighth  feet  to  the  mile,  but  from 

the  latter  town  to  Eldon  the  fall  is  two  and  one  half  feet  to  the 

mile. 

STRATIGRAPHY. 

The  geological  formations  which  are  present  in  Wapello  coun- 
ty are  few  in  number,  but  of  much  importance  economically. 
They  belong  to  the  Carboniferous  and  Pleistocene  systems.  The 
oldest  strata  which  appear  at  the  surface  are  the  limestones  of 
the  Lower  Carboniferous.  Overlying  these,  but  separated  from 
them  by  an  unconformity  representing  a  long  time  interval,  are 
the  more  recent  shales  and  sandstones  of  the  Upper  Carbonifer- 
ous. It  is  when  these  upper  beds,  which  once  covered  the  entire 
county,  have  been  cut  through  by  the  larger  streams  that  the 
Lower  Carboniferous  limestones  are  exposed.    As  will  be  seen 
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by  a  reference  to  the  map,  they  are  found  in  the  valley  of  the  Des 
Moines  and  along  some  of  its  chief  tributaries. 

Overlying  these  indurated  rocks,  which  are  of  marine  origin, 
is  a  formation  of  entirelv  different  character  and  of  verv  much 
younger  age.  It  is  made  up  of  the  loose  and  heterogenous  de- 
posits of  the  Pleistocene,  including  the  drift  and  loess.  These 
were  formed  at  the  time  the  great  ice  sheets  from  the  north  invad- 
ed Iowa  and  left  behind  the  mixture  of  clay,  sand,  gravel  and  bowl- 
ders w^hich  forms  the  drift.  The  drift  is  covered  bv  a  thin  layer 
of  silt-like  material,  the  loess.  Belonging  to  the  same  j^eriod  is 
the  alluvium  of  the  river  valleys,  fonned  by  the  streams  during 
periods  of  overflow.  The  taxonomic  relations  of  these  forma- 
tions are  shown  in  the  following  table: 

SYNOPTIC  TABLE  OF  THE  GE0LO3ICAL  FORMATIONS  OF  WAPELLO  COUNTY. 


GROUP. 

SYSTEM. 

SERIFS 

STAGE. 

SUB  STAGE. 

Pleistocene. 

Recent. 

Alluvial  deposits. 

Cenozoic. 

Glacial. 

Loess. 

Kansan  drift. 

Carbonif- 
erous. 

Upper  Carboniferous  or 
Pennsylvanian. 

Des  Moines  (Coal 
Measures ) 

Paleozoic. 

Lower  Carboniferous  or 
Mississippian. 

Saint  Louis. 

Pella. 

Verdi. 

The  Deeper  Strata.— Our  knowledge  of  the  deep  strata  of  the 
region  is  gained  from  the  deep  wells  sunk  at  Ottumwa  in  search 
of  water.  The  record  of  the  well  of  the  Artesian  Well  Company, 
as  given  in  W.  H.  Norton's  report  on  the  Artesian  Wells  of 
Iowa,*, is  as  follows: 

•  Iowa  Geol.  Sarv.,  Vol.  VI,  p.  319,  Des  Moines,  1896 
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THICKNESS.      DEPTH.       A.   T. 

18.  Loam.  Pleistocene 21  21  t639 

17.  Limestone,  Mississippian 21  43  608 

16.  Shale,  Mississippian  ...  14  56  594 

15.  Sandstone,  Mississippian 80  86  564 

14.  Limestone,  Mississippian 60  146  504 

18.  Shale,  Mississippian 20  165  484 

12.  Sandstone,  flinty,  Mississippian..  40  206  444 

11.  Sandstone.  Mississippian 80  236  414 

10.  Limestone.  Mississippian 195  431  219 

9.  Shale,  Mississippian  Kiuderhook.  160  591  59 

8.  Limestone 200  791  -141 

7.  Limestone 180  971  -321 

6.  Limestone  mixed  with  sand,  De- 

yonlan,Silurlanand  Ordovician    96  1,067  -417 

5.    Sandstone,  white,  ^^aint  Peter  ...  110  1,177  -527 

4.    Shale  and  limestone,  Oneota 200  1 ,877  -727 

8.  Slate,  Oneota 19  1.896  -746 

2.    Limestone,  Oneota 8i0  1,715  -1.065 

1.    Limestone,  water  bearing  Oneota  882  2,047  -1,897 
t  Approximately. 

No  Upper  Carboniferous  strata  were  passed  through  in  this 
well  since  it  was  sunk  in  the  Des  Moines  valley  where  those  beds 
have  been  removed  by  erosion.  No.  17  is  the  upper  portion  of 
the  Saint  Louis  formation,  which  everywhere  in  the  county  un- 
derlies the  shales  and  sandstones  of  the  Upper  Carboniferous 
series.    It  is  seen  outcropping  in  the  bed  of  the  river  at  Ottumwa, 

The  Carboniferous  System. 

SAINT  LOUIS  STAGE. 

The  rocks  belonging  to  this  stage  are  the  oldest  which  appear 
at  the  surface  in  Wapello  county.  They  consist  of  limestones, 
marly  shales  and  sandstones.  The  limestone,  which  is  quite  uni- 
form in  character  and  appearance,  is  very  compact,  fine-grained 
and  light  gray  or  blue  in  color.  It  frequently  contains  small  par- 
ticles or  crystals  of  iron  pyrites  and  careful  examination  will 
usually  show  minute  fragments  of  fossils,  especially  on  a  weath- 
ered surface.  Some  of  the  rock,  however,  resembles  lithographic 
stone  in  appearance  and  bears  no  evidence  of  organic  remains. 
The  beds  vary  in  thickness  from  two  or  three  inches  to  two  feet 
Interstratified  with  the  limestones  are  gray,  marly  shales  which 
are  commonly  quite  rich  in  fossils.    These  marls,  on  long  con- 
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tinned  exposnre  to  the  weather,  become  son  and  earri^y,  aixL 
wearing  away  more  rapidly  than  the  limestone,  leave  the  Litter 
in  projecting  ledges.  The  mariy  layer?  often  attmn  a  thickness 
of  two  or  three  feet  and  range  fn:»ni  that  down  to  an  inoh  or  less. 
They  are  very  characteristic  of  the  upivr  ix>rtion  of  the  S;\int 
LonLs.  At  several  points  sandstone  was  olvserveil  underlying  the 
calcareous  beds,  and  these  arenaceous  deix>sits  are  also  reported 
from  a  number  of  wells  in  different  parts  of  the  county.  Where 
seen  in  its  outcrops  the  sandstone  is  soft  and  white  or  yellow  in 
color. 

Where  studied  in  adjoining  regions  it  has  been  found  possible 
to  diWde  the  Saint  Louis  into  three  members.  The  Spring\'ale 
beds,  which  form  the  lowest  of  these  divisions,  are  not  exposed 
anywhere  in  the  county.  They  are  composed  of  magnesian  lime- 
stones, marly  shales  and  some  sandstone.  The  \'erdi  beds  i*on- 
stitute  the  middle  member  and  are  made  up  of  alteraating  layers 
of  limestone  and  sandstone.  The  latter  rock  occasionallv  reaches 
considerable  thickness,  and  in  southeastern  Mahaska  countv  sin- 
gle  beds  are  found  twenty-five  to  thirty  feet  thick.*  The  lime- 
stones are  sometimes  hard  and  very  compact,  sometimes  bi'ec- 
ciated.  This  middle  member  also  is  but  poorN  represented  in 
Wapello  county,  but  the  soft  sandstone  which  is  found  beneath 
the  limestone  and  marls  is  believed  to  belong  to  tiie  Verdi  beds. 

The  upper  division  of  the  Saint  Louis  is  the  Pella  beds,  and 
the  limestones  and  marls  described  above  belong  to  tiiis  member. 
It  is  this  portion  which  furnishes  the  excellent  building  stone 
quarried  at  many  points  in  this  and  neighboring  counties.  The 
Pella  beds,  and  especially  the  marly  layers,  are  rich  in  fossils, 
the  following  being  some  of  the  more  common : 

Zaphrentis  pallaensis,  Worthen. 

Productus  ovatus,  Hall. 

Athyris  (Seminula)  suhquadrrata,  Hall. 

Allorisma  marionensis,  White. 

Sptrifer  keokuk,  Hall. 

Orthothetes,  has  been  described  as  Orthis  keokuk. 

Pugnax  ottumwa,  White. 

Astartella  spT 

Bellerophon  spT 

•Bain;  Iowa  Geol.  Surv.,  VoL  V.  p.  iSo,  Det  Moinei,  1896. 
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The  thickness  of  this  upper  division  is  from  fifteen  to  twenty 
feet 

The  Saint  Louis  limestone  is  confined  to  the  northwestern  part 
of  the  county,  where  it  outcrops  in  the  valleys  of  the  streams 
which  have  cut  their  channels  through  the  overlying  Coal  Meas- 
ure shales  and  sandstones  and  exposed  the  beds  beneath.  Though 
the  strata  of  the  formation  underlie  the  entire  area,  as  shown  by 
deep  wells,  they  are  in  most  places  buried  beneath  the  deposits 
of  the  Upper  Carboniferous.  It  will  be  seen  from  the  map  accom- 
panying this  report  that  the  limestones  occur  in  the  valley  of  the 
Des  Moines  from  Ottumwa  to  Eddyville,  and  also  south  of  Eldon, 
just  north  of  the  Davis  county  line,  along  the  South  Avery  and 
North  Avery  creeks  and  along  the  lower  courses  of  many  of  the 
smaller  streams  entering  the  river  from  the  north  and  west  The 
Saint  Louis  also  probably  occurs  beneath  the  drift  in  several 

sections  in  the  northern  part  of  Competine  and  Highland  town- 
ships, as  shown  from  outcrops  across  the  line  in  Keokuk  county. 

The  rock  is  extensively  quarried  at  Dudley,  Ottumwa,  and 
Eddyville. 

The  character  of  the  upper  portion  of  the  Saint  Louis  forma- 
tion is  well  shoVn  in  the  following  sections. 

I.    SECTION  IN  THE  CAWLEY  QUARRY,  ONE  MILE  SOUTH  OF  EDDYVILLE,  IN  NW. 

K  OF  SEC.  7.  TP.  73  N.,  R.  15  W. 

FEET. 
5.     Drift    3 

4.    Residual  clay,  deep  red 1 

3.     Limestone,  thin  bedded 1 

2.    Limestone,   compact,   light   blue    or     gray,   in 

ledges  6  to   15  inches  thick;   marly  partings 

between  some  of  the  ledges.     In  places  the 

limestone  contains  nodules  of  limonite 8' 

1.    Unexposed  to  river   37 

The  limestone  here  rises  about  fifty  feet  above  the  Des  Moines 
river.  A  short  distance  south  of  here  in  another  quarry  on 
Miller  creek  the  following  section  is  shown : 
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II.    MILLER  CREBK  SECTION. 

6.    Drift   3 

5.    Residual  clay I 

4.    Limestone  in  thin  beds   1 

3.  Marly  shales  with  6  inch  band  of  llmi*Hlon<>. . . .  '^ 

2.  Limestone  in     distinct     laycm     HP.piirnifj)    by 

marly  partiAgs H 

1.    Unexposed  to  creek 'J/J 

About  one-quarter  of  a  mile  below  the  mrnith  of  Millf?r  rrrififk 
several  feet  of  black,  fissile,  Coal  Measure  shales  ajf^mnr  ftv^r- 
lying  the  limestone,  and  one  and  a  half  mile  ab</v«  thf?  nmmi 
point  in  Monroe  county  there  is  a  four  and  a  half  UmA  m^m  (ff 
coal  twenty  feet  above  the  Saint  I>niis,  sfffiarat^l  fn/rri  it  \fy 
shale  and  fire  clay.  Eight  to  ten  feet  of  thin  h\fU'k  «hal#?  imt^ 
crop  at  the  wagon  bridge  in  the  Xe.  Vi  ^^^  Her^  18,  (UAnm\nH 
township.  The  limestone  apjfean  along  Paleiitin^?  rrrej^k,  ftv^ 
feet  of  it  being  exposed  below  the  bridge  in  ntif^U/n  21  (4  fb^ 
same  township. 

Sections  OH  Xorth  Avery  Creek.  Tb#f  Saint  I»oiii  VtrMHiMi^  i# 
exposed  at  many  points  along  Xorth  Ar^ry  Cn?^  b^w#?^  fliriWi- 
cothe  and  Dudley.  In  the  ^/utbwe^rt  ^fuart^T  #^if  <ii4Bf^6r^  2^  th* 
following  seeticm  is  shown: 


C    5ftiui»ii/viie   .,, ^ i: 

X-     Sialft,  ?T» J'  *fcBrty    ,, , ^ 

"t    5aarfBii:<^*ae I 

X,    Sakle^  saiuij X 

X,    UsMusn^fMi^  nKm  h-irfrf*^  'ai^i^vw .»- 

L    rii«x9<M«»«t  Crt  ♦•rsiHc f 

Tfce  firaeftnoie  ♦  Xf>,  2)  i*  fWiti^^  m  p^ajriL  2S>wt.  %r^^  pr^hiihty 
befeg^  t0»  tfce-  Tpfier  <;*rViaif«i'>aA  <  «^:<»l  Mt*gwii.r<*» ) .  The-  f^l- 
lowng:  KetMft  »  «pi^«MrE  m  tiu*-  r^4  raxlT/Mwfc  'V^waTy,  iii«t  oNMrt 
€f  tie  Mas»ML  a£C  htuil^- 

FT 


C     Dtftft  ^^. ,  ^ 10 


k- 


41    Ksrly  jiufie;  tfFUfy - 

3i,.    LimeiCifMie ^ i"*^ 

£.   Tiimgiirnoe;  LS^t:  ff^-  ^^"^t^  .•tvmnm^ 4 
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One-haif  mile  east  of  Dudley  the  Chicago,  Burlington  & 
Quincy  railroad  has  opened  a  new  channel  for  the  North  Avery 
creek  in  order  to  straighten  out  its  course.  In  this  artificial  cut 
the  Saint  Louis  limestone  is  well  exposed  and  the  following 
strata  appear  at  the  west  end  of  the  opening : 

V. 

nxT. 

7.    Drift 10 

0.  LimeBtoue 2 

5.    Marlj  shaleB,  gray  Z 

4.     Lime^one  Vi 

3.    Afarl;  shales,  gray  3 

2.    Limestone,    very    fine-grained,    compact,    Ug'ht 

gray,  thin-bedded  above 10 

1.  Sandstone,  soft,  exposed  in  bottom  of  cut 1 

Tho  ledges  of  No.  2  are  the  quarry  beds  which  are  worked  so 
extensively  at  Dudley  and  elsewhere.  The  sandstone  (No,  1) 
probably  belongs  to  the  Verdi  beds,  the  rest  of  the  section  to 


I  lu  thp  aainC  tx>ulH  Uni«<toap.  onv-half  milp  awt  ot  D 
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the  Pella.  As  these  strata  are  followed  toward  the  east  they 
are  carried  up  by  a  gentle  monoclinal  fold  with  a  dip  of  20° 
At  the  east  end  of  the  cut  they  are  overlain  by  Coal 
Measnre  strata.  From  six  to  eight  feet  of  the  limestone  beds 
exposed  at  tlie  west  end  of  the  cut  have  been  eroded  and  are 
replaced  by  black  shale.    The  section  is  as  follows : 

VI. 

4.    Drift   10 

3.     Shale,  blacli,  fissile,  contains  much  pjrites 3 

2.    LimeBtoae,  much  decomposed  and  covered  with 

iron  oxide  (timonite)  S  to  3 

1.    Sandstone.  Eoft,  white  on  inside,  staJned  brown 

on  outer  surface,  exposed 4  to  6 

The  above  is  of  especial  interest  since  it  shows  the  unconform- 
able contact  between  the  Upper  and  Lower  Carboniferous  or 
between  the  Saint  Louis  and  Coal  Measure  strata.     The  lime- 
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stone  aud  sandstone  are  both  stained  brown  by  lunonite,  formed 
by  the  decomposition  of  the  original  iron  pyrites,  and  are  ranch  de- 
eomi>osed  and  rotted.  The  limestone  has  been  dissolved  in  many 
places  and  is  badly  pitted.  The  underlying  sandstone,  being  soft, 
has  been  worn  away  by  the  water  of  the  creek,  lea^nng  the  lime- 
stone ledges  overhanging.  An  effective  agent  in  the  decomposition 
of  the  limestone  Iins  been  the  sulphuric  acid  derived  fmn  the  iron 
p>Trites  of  the  shales.  The  Saint  Lonis  onterof»s  at  many  points 
along  South  Aveiy  creek,  and  below  the  limestone  of  the  Pella 
beds  the  sandstone  of  the  Verdi  beds  often  appears.  At  the  sharp 
bend  of  the  creek  lo  the  south,  in  the  Sw.  J4  of  the  Se.  I4  of 
Sec,  35.  Tp.  7:i  X..  R.  XA'.  "W,,  twenty  feet  of  limestone  strata  are 
exjK>sed  and  have  been  quite  extensively  quarried.  Only  a  short 
distance  south  of  here  a  soft,  yellow,  micaceous  sandstone 
(\'erdi)  appears  lieneath  the  calcareous  beds.  In  the  X'e.  14  ot 
Sec.  10.  Polk  township,  the  contact  between  the  Saint  Louis  and 
Coal  Measures  is  again  seen.  Overlying  the  limestone  is  a  very 
irregularly  be*lded.  light  gray,  soft  sandstone  which  contains 
streaks  of  coal.     Below  the  sandstone  at  one  end  of  the  ontcrc^ 
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there  is  a  black  shale  and  some  clay.    The  most  southern  expos- 
ure of  the  Saint  Louis  along  South  Avery    occurs    in    the    bed 


Fto.  (».     Contnrt  tu'twitti  th<-  Snlnt   Limi*  Umii'tonp.   I,   and  Co«l  MfBBuris,  :;.      Tlirii'  ioIIi-h 
nbovi-  Otlunkwifc.' 

of  tho  stream  in  tlie  Xe.  Vi  of  Se.  '/i  of  Sec.  10,  Polk  townsliip. 
Just  below  the  Chicago,  Burlington  &  Quincy  railroad  bridge 
over  the  Des  iloines  river  there  is  an  excellent  exposure  at  the 
old  stone  quarry. 

VIL     DRS  MOINES  KIVEK  SECTION,  NW.  «  OF  SW.   H  OF  SEC.  q.  TH.  72  N.,  R.  i(  W. 

11.     Drift   20 

10.     ShBle.  blink  15 

0.     Rniid^'tone.  with  many  carbonized  stems  of 

pinnts,  tliiii-beilded  and  Rhnly  above  ...  .4  to  5 

5.  Coaly   eeam,    composed   of   lam  I  nee   of   coal 

separated  by  thin,  sandy  layers,  aad  contain- 
ing: much  iron  pyrites  in   nodules ■/,  to  Z 

7.     Firf  clay  2  to  8 

6.  LimpHtoiie,  arg'illaeeous,  greatly  dei^omposed 

on  upper  surface  and  containlngf  much  li- 
nuinite.  the  carbonate  of  lime  having  been 


Vf   WATH^Af   OifTWTT. 


*»?f|jV«-%?C  JilK   t 

r      Jf*"^;/  9i%at.i^.    C*/   * 

*      txM^^9r,^.n^,  .,.., , * 


<      mat^.f  muk^..  1[T^j  £ 

t.      t^^tOOi^saifyjtk^ S 

-      ^  s^rxy^iui^  v>  r>»*y « 


tjr^  •^;r;f  t^^iik  s^f^  (>xtd  MfdiHires.  Xos.  1  to  6  hdxmg  to  die 
Pffu.^r  HtA  >''/*.  7  t/>  10  to  the  bitten  The  iil^«er  smfaoe  of  the 
Uuj^ff/iiSr  ^  So,  ^/>  iJi  urjeven  and  imdalatiiig  and  is  decomposed 
t//  ^  /U'f/th  of  Ir^rtsx  nix  lA^rfiefs  to  two  feet  So  much  of  the  lime 
f'Hf^/fSuU'  U'Ain  U'^ffi  ilimfAvfi^l  oat  that  the  residue  is  oomposed 
Sfir^yr/  of  WtuouiU*, 

'/\'A     >.h\'t't'i%  in  ijKKHUM  on  KOCK  Kt'K.  SW.  3i  OF  XW    ^  OF  SEC  is. 

TK  7»M,.  k.  14  W. 


4,     hr\1i,  %Hnt\y  find  g^ravely,  contains  much  iron..  3 

'/*.     lAinfMiouf, 2 

%.     Mnrly  tilmli*,  jfray  2 

1.     lAmt'MUmK    KTt^y,    compact,  contains  cubes  of 

\rnu  \tyr\ii»M,  thfn->>edded  above 8 

IX      %\'.t  iUm  IN  ijUMiHW  ON  BKAR  CKEKK,  NE.   %  OF  SW.  H.  SEC    S3. 

TF.  71  N..  R.  14  W. 

FEET. 
IS.     Holl     2 

4.     Miirly  hIiiiIo,  ^riiy   IV^ 

f*.     MiiM'Mtniic,  .in   thin  beds   1% 

.'I.     Mnii'Mlonc,  in   two  ledges  separated  by  marly 

pfirlinff 1 

V,     Miirly  mIiiiIo,  gray   3 

I.     Mnii'Mtont*.  light  blue,  very  compact 7 

Tlin  Nuiiit  LoniH  limoBtone  is  exposed  along  Harrow's  branch, 
in  tlio  cily  of  Olluiiiwa,  and  in  tlie  bed  of  the  Des  Moines  river 
at  \\w  H»nuo  pl*UH>.  The  most  soutliern  point  at  which  the  lime- 
hIoiu*  ouliTopH  at  tho  8urfaw,  with  tlie  exception  of  the  small  area 
in  tht*  IhmI  of  tho  rivor  alH>ut  one  mile  below  Eldon,  is  on  Sugar 
iMtH^k,  ut^u*  wluMV  it  tMupties  into  the  river. 


DBS   MOINES   STAGE.  459 

X.    SECTION  ON  SUGAR  CREEK  IN  SW.  K  OF  SW    X  OF  SEC    28.  TP.  72  N  ,  R.  13  W. 

FEl-rr.  INCHES. 

5.     Alluvial  clay 5 

4.     Limestone,  argillaceous,  thin  bedded  3 

3.    Limestone  ledge y^ 

2.     Marly  shale,  gray    2  8 

1.    Limestone,   in  two  ledges,  e-  •    ied   to  bed   of 

creek    2*4 

The  Saint  Louis  strata  appear  along  Fudge  creek  as  far 
north  as  Se.  y^  ^^  N^-  ^/4  of  section  14,  Columbia  township,  where 
it  is  seen  in  the  bed  of  the  stream.  It  also  appears  two  miles 
south  of  Kirkville,  along  the  stream  with  the  east-west  course, 
near  the  center  of  Ne.  y^  of  section  20,  Richland  township.  At 
this  point  the  beds  rise  eight  to  ten  feet  above  the  creek  and  are 
composed  of  gray,  marly  shales  with  limestone  ledges  six  inches 
to  one  foot  tJiick.  Overlying  the  calcareous  beds  are  gray  and 
black  shales  and  thin-bedded  sandstone. 

A  comparison  of  the  above  sections  shows  that  in  several  of  tlu  m 
the  succession  of  strata  is  the  same,  namely,  there  are  three  lime- 
stones separated  by  marly  shales.  The  thickness  of  the  beds  is 
also  quite  unifonn  over  a  considerable  area.  Thus  the  sections  at 
Dudley  (IV  and  V),  on  the  Des  Moines  river  (VII),  and  on  Bear 
creek  (IX),  correspond  very  closely  and  from  them  can  be  made 
the  following  general  section  of  the  upper  beds  of  the  Saint 
Louis. 

FEET. 

5.  Limestone   1  to  6 

4.  Marly  shale    2 

3.  Limestone    l^  to  1 

2.  Marly  shale 3 

1.  Limestone,  exposed   5  to  10 

This  gives  a  maximum  thickness  of  about  twenty  feet  for  the 
upper  division  of  the  Saint  Louis.  The  Verdi  beds  are  repre- 
sented by  the  soft,  micaceous  sandstone  seen  below  the  limestone 
in  the  artificial  cut  east  of  Dudley  and  on  South  Avery  creek. 

DES  MOINES  STAGE  (COAL  MEASURES.) 

The  rocks  of  this  stage  in  the  order  of  their  aggregate  thick- 
ness are  clay  shales,  sandstones,  limestones  and  beds  of  coal.  The 
shales,  which  make  up  the  great  bulk  of  the  Coal  Measure  strata, 
are  of  two  varieties.    One  is  carbonaceous,  fissile  and  black  in 
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color;  the  oilier  is  argilhu^ous,  is  not  so  fissile  and  is  founjd  in  a 
vaiioty  of  colors,  of  wliicli  gray  predoiiiinatcs.  By  an  increase 
in  tlic  carbonaceous  material  the  black  shale  ])asses  into  bony 
coal  aud  so  into  true  coal.  The  argillaceous  variety  frequently 
becomes  sandy  and  with  the  increase  of  this  constituent  it  gradu- 
ates into  sandy  shales  and  sandstone. 

A  ihick  bed  of  massive  sandstone,  occurs  along  the  Des  Moines 
liver  al)out  two  miles  below  Ottuniwa,  and  for  nearly  six  milee 
it  forms  tlie  bluffs  on  eitlier  side  of  the  valley.  It  is  well  exposed 
at  Oliffland  station,  on  the  Chicago,  Rock  Island  and  Pacific  rail- 
road. In  places  it  rises  as  a  steep  escarjiment  100  feet  above  the 
river.  This  ma.ssive  bed  of  compacted  sand  is  known  to  have 
(•overed  an  area  of  some  eighteen  square  miles  and  probably 
more.  The  Des  Moines  has  cut  its  valley  through  it  and  has'car- 
ried  a%vay  a  large  part  of  the  bed.  Such  thick  Coal  Measure  sand- 
stones are  known  to  occur  at  other  localities  in  southeastern  Towa. 
The  welt  known  Red  Rock  sandstone  in  nortliem  Marion  county 
is  a  mass  of  this  kind  with  a  maximum  thickness  of  over  100  feet 
It  ha.s  a  length  of  at  least  eleven  miles  and  a  width  of  three  miles. 
Another  occurrence  is  at  Raven  Cliff  (Tp.  75  N.,  R.  XVII  W., 
sections  32  and  33)  in  southwestern  Mahaska  county.  Here  for 
a  distance  of  two  miles  along  an  old  channel  of  the  Des  Moines 
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river  there  is  a  sandstone  which  is  nearly  137  feet  tliick.  In 
Wapello  county,  as  well  as  at  the  other  localities,  the  sandstone 
occnrs  near  the  base  of  the  Coal  Measures  and  rests  unconform- 
ably  upon  tlie  sliales.  At  no  place  in  this  count>'  was  it  seen  to 
lie  directly  on  the  Saint  Louis  limestone,  being  separated  from 
the  latter  by  thirty  feet  or  more  of  argillaceous  strata. 

The  sandstone  is  composed  of  irregular  grains  of  quartz  which 
are  somewhat  loosely  cemented  together.  It  contains  consider- 
able iron  in  the  form  of  limonite,  which  is  eitlier  scattered  uni- 
formly through  the  mass  or  is  gathered  in  concretions  or  nodules. 
The  rock  is  soft,  micaceous  and  gray  or  yellow  in  color.  One  of 
the  most  noticeable  characteristics  of  this  sandstone  is  its  cross- 
bedding.  This  structure,  which  is  exhibited  in  great  i)erfection, 
is  seen  in  almost  ever\-  outcrop  and  is  ven,-  seldom  absent.  An- 
other noticeable  feature  is  the  presence  of  large  numbers  of  iron 


Ihri-^  mlkB  BbuTe 


concretions.  These  are  e6i>ecially  well  shown  in  the  bluff  at  (.'UlT- 
land  where  the  rock  is  filled  with  them.  They  are  scattered  irreg- 
ularly through  the  sandstone  but  are  arranged  with  their  long- 
est diameters  in  a  horizontal  direction.  Their  length  is  usually 
two  or  three  tim^  greater  than  their  thickness.    Keaeured  along 
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the  greatest  diameter  they  vary  in  size  from  an  inch  to  more 
than  a  foot  They  are  composed  of  a  hard  crust  of  limonite  from 
one-eighth  to  one-quarter  of  an  inch  thick,  the  interior  being 
empty  or  filled  with  an  ocherons  material,  or  an  impure  limonite. 
The  hard,  ferruginous  crust  of  these  concretions  often  projects 
beyond  the  rest  of  the  rock,  since  they  weather  less  rapidly  than 
the  soft  sandstone. 

Besides  the  thick  bed  of  massive  sandstone  just  described  there 
are  other  sandy  strata  only  a  few  feet  in  thickness  alternating 
with  the  shales. 


iB-bi.'idliig 


onohBlI  mile  bvlov  CUfBand  aUtlan 


Occasional  bands  of  limestone  occur  in  the  Coal  Measures. 
One  of  these  is  seen  in  the  bed  of  the  river  about  one-half  mile 
above  the  wagon  bridge  at  Eldon.  Near  by,  at  the  mouth  of  Big 
branch,  two  ledges  of  limestone  appear,  and  others  are  seen  along 
Sugar  creek,  less  than  a  mile  east  of  Ottumwa.  The  beds  have  a 
thickness  of  from  eight  inches  to  four  feet  They  are  not  con- 
tinuous over  large  areas  but  thin  out  and  disappear  within  a 
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short  space.  This  rock  is  darker  in  color  than  that  of  the  Saint 
Lonift,  is  compact  and  osually  very  fossiliferons.  In  places  it 
is  concretioiiary  and  contains  septaria,  the  cracks  of  which  are 
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filled  with  calcite  and  sphalerite.    Tlie  following  fossils  ocoiii  in 
these  calcareous  beds : 

Productus  muricatus,  Norwood  &  Pratten. 

Producius  cora,  d'Orbigny. 

Productus  puKctatus,  Martin. 

Athyris  {Seminula)  subtilita,  Hall. 

Spirifer  rocki/mountana,  Marcou. 

Nucula  ventricosa,  Hall. 
Soleniscus  brevis,  'White. 
Orthonema  conica,  Meek  &  Worthen. 

Loxonema,  sp.  t 

A  brecciated  limestone  is  also  fonnd  in  the  Coal  Measures  of 
this  area.  It  is  seen  in  the  northeast  part  of  Ottumwa,  103  feet 
above  the  river.    The  ledge  is  two  or  Uiree  feet  thick,  dark  gray 
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in  color  and  comi>osed  of  angular  fragments  from  one  quarter 
to  one  inch  in  length.  Fragments  of  a  similar  rock  were  observed 
along  Big  branch,  in  Washington  township,  which  had  doubtless 
come  from  a  ledge  well  up  toward  the  top  of  the  Coal  Measures, 
though  none  of  the  limestone  was  here  observed  in  place. 

All  the  beds,  whether  they  be  shales,  sandstones  or  limestone, 
are  found  to  change  rapidly  when  followed  horizontally.  No 
one  of  them  is  continuous  over  a  very  large  area  but  they  thin 
out  and  disappear  and  are  replaced  by  other  strata.  Thus  the 
shales  which  occur  at  one  point  will,  within  only  a  short  distance, 
give  way  to  sandstones  or  sandstone  will  pass  into  shales.  The 
limestones  likewise  disappear  and  their  place  is  taken  by  beds 
of  different  character.  These  lateral  changes  in  the  strata  are 
often  quite  abrupt,  the  transition  from  one  kind  of  rock  to  an- 
other being  made  within  a  small  space.  It  is  this  changeable- 
ness  of  the  beds  which  makes  the  correlation  of  the  Coal  Meas- 
ure strata  very  difficult  and  often  quite  impossible.  Two  out- 
crops separated  from  each  other  by  only  a  few  yards  or  different 
parts  of  the  same  outcrop  will  frequently  show  marked  differ- 
ences in  the  succession,  thickness  and  character  of  the  beds. 
Examples  of  this  are  given  under  the  descri])tion  of  typical  sec- 
tions. Not  only  do  the  inclosing  strata  varj^  rapidly  but  the 
coal  seams  themselves  are  not  continuous  for  any  great  dis- 
tance. They  are  more  or  less  lenticular  in  shape,  being  thickest 
in  the  central  portion  and  thinning  out  toward  the  edges. 

As  will  be  seen  from  the  map,  the  strata  of  the  Des  Moines 
stage  cover  the  entire  county  underneath  the  drift  except  where 
they  have  been  cut  through  by  the  streams.  AVliere  the  latter 
have  eroded  their  valleys  into  and  through  the  Coal  Measures 
they  have  removed  these  younger  beds  and  exjiosed  the  under- 
lying Saint  Louis  limestone. 

The  thickness  of  the  Coal  Measures  in  Wai)ello  county  varies 
widely  in  different  parts  of  the  area.  In  a  few  places  they  are 
entirely  absent,  in  others  they  are  more  than  200  feet  thick.  In 
the  bluff  at  Ottumwa  they  are  150  to  175  feet  thick,  at  Eldon 
they  are  about  the  same  and  in  section  12  of  Pleasant  township 
they  reach  a  thickness  of  222  feet.  It  is  probable  that  tlie  maxi- 
mum thickness  of  these  strata  in  tlie  county  is  not  over  253  feet, 
and  the  average  may  be  given  as  between  150  and  200  feet. 
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The  following  sections  show  the  general  oharaoter  of  the  beds 
of  the  Des  Moines  stage. 

I.  — BEAB    CREEK    SECTION. 

One  of  the  best  outerop>s  is  on  Bear  creek,  two  miles  west  of 
Ottuniwa,  in  Se.  I4  of  Xe.  I4  of  section  28,  Center  township. 

FKET. 

15.     Drift 21> 

14.  Shale,  arg-illaeeous,  gray,  sandy  in  upper  part.  2t> 

13.     Shale,  black,  carbonaceous,  fis&ile    3 

12      S;andstone    3 

11.    Shale,  gray,  argillaceous   2 

10.     Shale,  black,  fissile,  carbonaceous 5 

9.  Coal,  impure  and  bony,  contains  iron  pyrites..       ^^ 

5.  Fire  clay,  filled  with  plant  remains 1 

7.     Shale,  gray,  argillaceous   5 

6.  Shale,  black 6 

5.     Sandstone ^ 

4.     Shale,  black 4 

3.     Coal,  bony  and  impure  1  ^ 

2.    Shale,  black,  carbonaceous,  fissile,  rich  in  plant 

remains   >;. 

1.     Shale,  gra^-,  argillaceous,  exposed  to  creek *^M) 

It  is  probable  that  No.  3  is  tlie  same  coal  seam  that  is  mined 
one  mile  and  three-quarters  nortliwest  of  here,  on  the  opposite 
side  of  the  creek.  The  vein  there  has  a  thickness  of  four  and 
one-half  feet  and  lies  twentj^-five  feet  abov(^  the  Saint  Louis  lime- 
stone, as  determined  by  test  borings.  The  base  of  tlie  above  sec- 
tion cannot  be  far  from  the  limestone,  for  the  latter  outcrops 
along  the  creek  less  than  two  miles  below  and  rises  fourteen  I 
feet  above  the  stream. 

II.— SECTION  IN  CLAY  PIT  OF  OTTUMWA  PAVING  BRICK  AND  CONSTRUC- 
TION   COMPANY. 

The  plant  of  this  company  is  located  in  the  northwest  part  of 
town,  just  beyond  the  city  limits.  The  Coal  Measure  shales  are 
finely  exposed  in  the  clay  pit. 
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in  color  and  composed  of  angular  fragments  from  one  quarter 
to  one  inch  in  length.  Fragments  of  a  similar  rock  were  observed 
along  Big  branch,  in  Washington  township,  which  had  doubtless 
come  from  a  ledge  well  up  toward  the  top  of  the  Coal  Measures, 
though  none  of  the  limestone  was  here  observed  in  place. 

All  the  beds,  whether  they  be  shales,  sandstones  or  limestone, 
are  found  to  change  rapidly  when  followed  horizontally.  No 
one  of  them  is  continuous  over  a  very  large  area  but  they  thin 
out  and  disappear  and  are  replaced  by  other  strata.  Thus  the 
shales  which  occur  at  one  point  will,  within  only  a  short  distance, 
give  way  to  sandstones  or  sandstone  will  pass  into  shales.  The 
limestones  likewise  disappear  and  their  place  is  taken  by  beds 
of  different  character.  These  lateral  changes  in  the  strata  are 
often  quite  abrupt,  the  transition  from  one  kind  of  rock  to  an- 
other being  made  within  a  small  space.  It  is  this  changeable- 
ness  of  the  beds  which  makes  the  correlation  of  the  Coal  Meas- 
ure strata  very  difficult  and  often  quite  impossible.  Two  out- 
crops separated  from  each  other  by  only  a  few  yards  or  different 
parts  of  the  same  outcrop  will  frequently  show  marked  differ- 
ences in  the  succession,  thickness  and  character  of  the  beds. 
Examples  of  this  are  given  under  the  description  of  typical  sec- 
tions. Not  only  do  the  inclosing  strata  vary  rapidly  but  the 
coal  seams  themselves  are  not  continuous  for  any  great  dis- 
tance. They  are  more  or  less  lenticular  in  shape,  being  thickest 
in  the  central  portion  and  thinning  out  toward  the  edges. 

As  will  be  seen  from  the  map,  the  strata  of  tlie  Des  Moines 
stage  cover  the  entire  county  underneath  the  drift  except  where 
they  have  been  cut  through  by  the  streams.  Where  the  latter 
have  eroded  their  valleys  into  and  through  the  Coal  Measures 
they  have  removed  these  younger  beds  and  exposed  the  under- 
lying Saint  Louis  limestone. 

The  thickness  of  the  Coal  Measures  in  Wajx^llo  county  varies 
widely  in  different  parts  of  the  area.  In  a  few  places  they  are 
entirely  absent,  in  others  they  are  more  than  200  feet  thick.  In 
the  bluff  at  Ottumwa  they  are  150  to  175  feet  thick,  at  Eldon 
they  are  about  the  same  and  in  section  12  of  Pleasant  township 
they  reach  a  thickness  of  222  feet.  It  is  probable  tliat  the  maxi- 
mum thickness  of  tliese  strata  in  the  county  is  not  over  253  feet, 
and  the  average  may  be  given  as  between  150  and  200  feet. 
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The  following  sections  show  the  general  character  of  the  beds 
of  the  Des  Moines  stage. 

I.— BEAR    CREEK    SECTION. 

One  of  the  best  outcrops  is  on  Bear  creek,  two  miles  west  of 
Ottumwa,  in  Se.  14  of  Ne.  14  ^^  section  28,  Center  township. 

FEET. 

15.  Drift 20 

14.  Shale,  argillaceous,  gray,  sandy  in  upper  part.  20 

13.  Shale,  black,  carbonaceous,  flssiile    3 

12  Sandstone    3 

11.  Shale,  gray,  argillaceous   2 

10.  Shale,  black,  fissile,  carbonaceous- 5 

9.  Coal,  impure  and  bony,  contains  iron  pyrites..       Vjj 

8.     Fire  clay,  filled  with  plant  remains 1 

7.     Shale,  gray,  argillaceous   5 

6.  Shale,  black 6 

5.  Sandstone l^ 

4.  Shale,  black 4 

3.  Coal,  bony  and  impure   1  }^ 

2.  Shale,  black,  carbonaceous,  fissile,  rich  in  plant 

remains   1/2 

1.  Shale,  gray,  argillaceous,  exposed  to  creek 20 

It  is  probable  that  No.  3  is  the  same  coal  seam  that  is  mined 
one  mile  and  three-quarters  northwest  of  here,  on  the  opposite' 
side  of  the  creek.  The  vein  there  has  a  thickness  of  four  and 
one-half  feet  and  lies  twenty-five  feet  above  the  Saint  Louis  lime- 
stone, as  detennined  by  test  borings.  The  base  of  the  above  sec- 
tion cannot  be  far  from  the  limestone,  for  the  latter  outcrops 
along  the  creek  less  than  two  miles  below  and  rises  fourteen  / 
feet  above  the  stream. 

II.  — SECTION  IN  CLAY  PIT  OF  OTTUMWA  PAVING  BRICK  AND  CONSTRUC- 
TION   COMPANY. 

The  plant  of  this  company  is  located  in  the  northwest  part  of 
town,  just  beyond  the  city  limits.  The  Coal  Measure  shales  are 
finely  exposed  in  the  clay  pit. 


. '  i 
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Drift   3 

Shale,  argillaceous,  graj  20 

Shale,  black 4  to  10 

Coal  ^ 1 

Fire  clay  

Sandstone,  argillaceous,  maseive   6to7 

Shale,  black,  fissile  2 

Sandstone,     argillaceous,      gray      in    single 

Shale,  gray,  argillaceous   4 

Shale,  black  1 

Coal    3  to  4 

Fireclay   6toS 


Tht  rapid  cliange  in  the  strata  is  well  shown  here.  At  the 
north  end  of  tiie  pit  Nos.  4  and  5  are  replaced  by  eight  feet  of 
black  sliale.  No.  10  grows  much  thicker  in  the  same  direction, 
increasing  from  four  feet  to  ten.     No.    7  becomes  thinner  and 


FlIJ.  TTL     Tlic  clay  p 


>t  the  Ottumwa  Paving  Briok  and  CooBtmctlon  Compear. 


more  shaly  toward  tlie  nortli.    Ail  the  beds  in  the  sectioD  are  used 
in  making  brick  except  the  coal,  No.  2,  which  has  served  for  fuel. 
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m.— sEcnos  ox  stgab  cieek  at  the  Chicago^  BrmuKQTv>x  asp 

QUIXCT   UOLKOAD    BRIDGE. 


§.  Sandstone 10 

g.  Shalev  black.  fissUe U 

7.  Coal 2 

6.  Fire  clay 3 

5.  Coal    ..' 2U>4 

4.  Fire  claj  and  ac;illaceoas  shale 10  to  12 

J.  Shale,    black    IS  to  20 

2.  Unexposed  S  to  10 

1.  Limestone,  Saint  Louis,  exposed  near  bj  on 

creek   4 

The  sandstone,  Xo.  9,  increases  in  tliiokness  as  it  is  followed 
back  into  the  hill. 

Along  the  creek  a  short  distance  above  the  railrojid  bridge  a 
four  foot  bed  of  blue,  concretionary.  Coal  Measun*  limestone  rioli 
in  fossils  outcrops.  It  is  not  continuous  over  a  large  area,  but 
is  absent  in  places.  Immediately  below  the  ledge  is  a  seam  of 
coal  from  one  to  four  feet  thick  which  has  been  wo'*'*^!  in  the 
bed  of  the  stream. 

IV. -SECTION   ON   EAST    BRANCH   OF   SUGAR   CREEK.    IN    NW.    »4   OK   HElTlON   M. 

AGENCY  TOWNSfflP. 

FKKT. 

5.  Sandstone,   yellow,    micaceous,    soft,    cross- 

bedded,  contains  concretions  of  iron 25 

4.     Coal,  impure,  bony 2 

3.  Fire  clay 2 

2.     Shale,  argillaceous,  gray 3 

1.     Shale,  hlack,  carhonaceous,  exposed    6 

No.  5  is  the  same  massive  bed  of  sandstone  that  outc^rops  along 
the  Des  Moines  river  one  mile  and  a  half  south  of  hoiv.  Noh, 
1,  4  and  5  appear  at  a  number  of  i)oiiits  along  the  east  branch 
of  Sugar  creek. 

V. -SECTION  AT  OLD  COLOAN  MINE,  NE.  V^  OF  SECTION  4,  KEOKUK  TOWNSHIP. 

7.  Sandstone,  massive,  soft,  cross-bedded ..  50  to  (>() 

6.  Shale,  black  i/, 

5.  Coal    1  9 

4.  Fire  clay  and  argillaceous  shale  16 

3.  Coal 2  to  3 

2.  Fire  clay  and  black  shale 1  to  10 

1.  Coal   4«/g  to  G«/a 
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The  rapid  transitions  which  occur  in  the  Coal  Measure  strata 
are  well  shown  two  and  one-half  miles  below  Cliffland  station, 
along  the  Chicago,  Rock  Island  and  Pacific  railroad  (Ne.  1/4  ^^ 
Sw.  14,  Sec.  18,  Tp.  71  N.,  R.  XIT.  W.)  Just  below  a  narrow  and 
steep  sided  ravine  entering  the  river  at  this  point  the  following 
section  is  exposed : 

VI. 

FEET. 

4.  Sandstone  and  sandy  shale  37 

3.  Shale,  black,  carbonaceous 3 

2.  Coal  11/2 

1.  Shale,  black,  carbonaceous,  fissile,  exposed . .   45 

Less  than  250  feet  northwest  of  here  and  across  the  ravine  the 
entire  outcrop  above  the  railroad  track  is  composed  of  a  massive 
sandstone  which  rises  100  feet  above  the  river.  The  lower  twenty- 
five  feet  is  not  exposed.  The  shale  rises  gradually  above  the 
level  of  the  track  and  a  one  foot  vein  of  coal  lies  just  beneath  the 

sandstone.  The  latter  also  contains  near  the  bottom  bands  and 
streaks  of  coaly  material.    Less  than  a  quarter  of  a  mile  above 

this  section  the  thick  bed  of  sandstone  disaj)peai*s  and  is  re- 
placed by  shales  in  which  are  two  veins  of  coal.  The  upi)er  is 
eighteen  inches  thick,  the  lower  is  from  two  to  three  feet  thick, 
and  they  are  separated  by  four  to  six  feet  of  fire  clay  and  argil- 
laceous shale. 

VII.  — BIG    BRANCH    SECTION. 

Near  the  mouth  of  Big  bianch  in  the  Ne.  14  ^^  Sec.  28,  Wash- 
ington township,  was  seen  the  following: 

FEET.    INCHES. 

Drift   10 

Shale,  arg-illaceoiis,  dark  blue 2 

Limestone,  not  continuous,  concretionary..         8  to  10 

Shale,   black,  carbonaceous    10 

Limestone,  with  several  systems  of  joints..  1 

Shale,  black,  carbonaceous    6 


No.  4  does  not  form  a  continuous  bed  but  is  absent  in 
places.  It  forms,  however,  a  well  marked  limestone  horizon. 
No.  2  is  doubtless  the  same  stratum  that  ap|)ears  in  the  bed  of  the 
river  just  below  the  moutli  of  Big  branch. 

Several  years  ago  a  number  of  prospect  holes  were  put  down 
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in  the  southern  part  of  the  county  near  LadrlHrlale,  in  ^attUiun 
31  and  32  of  Washington  tiiwuship.  TUi^  Ui»U*H  w<*r<^  \HiVi*A  Ht 
distances  of  from  150  to  l2()()  f(H*t  apart  and  their  r^cordw  nva  in- 
teresting as  showing  the  chaiacti*r  of  the  Coal  Meaiiure  tiiinln, 
especially  the  rapid  changcH  in  the  ImhIh,  and  the  irregularity  of 
the  coal. 

LAI>I>KI>ALK  HKCTIONH, 

A. 

24.  Drift    12         12 

23.  Clay  shale,  gray  and  blrnt  IZ  \% 

22.  Shale.  bla<k    3  2>; 

21.  Shale.   KancJy.  jrray    *v         34 

20.  (Jav  KhaJe.   blue    V)         ii 

r*.  Coal    J  4^/ 

]".  Clay   ►hale,  jfray   aixl    blu*-    24         '/^ 

17.  .Sajj'Kt'^ne    J  7<^ 

1'j.  Shale.    bla<'k.   «♦ar^>'^lJa<'e'/^J^    ^y^;     7:^/^ 

]  .J.  r\#a  J    i^  ^^' vi 

1 4.  -•Jt**'k*'    :  y,      7' 

1  •^.  ^  In \    sliaJ*'.  jrray  and   bJ ne   -^  ■  i.      <*'^  /i 

11'.  r«ia J :  '-;,     V4 

II.  *  in V  kIij^ !»-.  jrru >    an«l   oJ 'i*-    ♦.    .  -'/<>> 

:".  SLale.    fcaiAdy.    blue    2  :W;, 

V.  ••j:'#.-k*'.  is./ft.  bj!;«    :  ,  :<'4 

•*.  <  on]   1  ^i  I0(  ^^ 

7.  Fir*-  .Iny    V*;^  111*- 

<•..  "Ko«k'     <  }iUi»f»loiie    •'  J G  ] :  <5 

Sbai*-.    hi«ii<l\.    i.»Ui»     *•  • '•' 

■t.  ^'i\i\    ^hiii*-.    ulu»*   iiii'f   >^*'n,H     '*'  .;      ''-^  * 

:..       (  oaJ     2     ,      '..r 

».      Fir»'  ('iiM     2        :-i( 

1.      '^  ii:x     ^biij*-.    Il|fbt    blu»'    '•;-  '■•'•'. 


21'.     I>*-i^T    2:.  :r: 

2'".      Hiiiii*-.    i»ia<v     -iJ* 

27.      Siijii*'    ft€iii<».\  .  i>ia«*#'    4  J 

2*  .     ^  iiM   .>iiiti»  .  if  fa  V    2  J^- 

•  •  • 

2'.       -l^^-K** -^        i' 

2-i.      '  ia  \    ;^liiti»     i'«a\    ai«*.'    i>b*«-    27  •  .      0< 

•*ii</«'#^  .'     \nii*''t                                !  ♦*' 

Siiai*      i/i«i*                            >•'  '«^"» 


•^' 


1" 

'  «/a 

;j< 

Ciny     0ii4Ue 

ii* 

<:aa 

n. 

»ba^,  i$r4t> 

li.  70 

Ufa.v  J1  b»j 

u,  ^ 

10  W: 
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THICKNBSS 
IN  FSST.    DIPTH. 

17.  '*Rock" 1  99 

16.  Shale    4  103 

15.  Coal»   with   rock   band    y...  8X  06X 

14.  Fire  clay 8  114% 

13.  Clay   shale,   blue    2%  116»/2 

12.  Coal y.  117 

11.  Fire   clay    1/2  117y, 

10.  Coal    y2  118 

9.  Clay  shale,  gray  and  blue  14  132 

8.  Coal    ^%  ^9S% 

7.  "Slate  stone,"  black >i  184 

6.  Shale,   gray    1  135 

5.  Sandstone    5 . .  140 . . 

4.  Shale,  sandy,  blue   12  152 

3.  Clay  shale   6  158 

2.  Coal    2y2  IGOv, 

1.  Clay  shale,  blue  and  gray  IGy,  177 

C. 

15.  Drift    25  25 

14.  Clay  shale,  blue  2  27 

13.  Coal   : y2  27y2 

12.  Sandstone  4  Sly, 

11.  "Clay  rock",  gray 6  37 '^ 

10.  Clay  shale,  gray  and  blue   32  69Vi 

9.  Shale,    black  ' 2  7iy2 

8.  Coal    1  721/2 

7.  Clay  shale,  gray  and  blue   28  lOOy. 

6.  Clay  shale,  black   2  102y2 

5.  "Rock"   1  103y2 

4.  Coal    lye  105 

3.  Clay  shale,  blue   29  134 

2.  Shale,  sandy,  gray   7  141 

1.  Clay  shale    35  176 

D. 

20.  Drift   20  20 

19.  Clay  shale,  blue  5  25 

18.  Sandstone    5  30 

17.  Clay   shale,    blue   and    gray    33y2  63y2 

16.  "Stone"    (limestone    ?)    2  65y2 

15.  Clay  shale,  gray  and  blue   6y2  72 

14.  Coal    1  "  73 

13.  Clay  shale,  gray   12y2  85y2 

12.  Coal    ly,  87 

11.  Clay  shale,  gray  and  blue  18  105 

10.  Coal  2  107 

9.  Clay  shale,  blue  26  133 
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THICKNESS 

IN  FEBT.  DEPTH. 

8.  Shale,  sandy,  gray   51/2  IZSYs 

7.  Clay  shale,  blue  and  gray  19 V2  158 

6.  "Cap   rock"    y,  1581/2 

5.  Coal    2%  160% 

4.  Clay  shale,  gray  and  blue  8      168% 

3.  Shale,  sandy,  blue   8      176% 

2.  Sandstone   51/2  182% 

1.  Limestone   (Saint  Louis  ?) 11/2  1833^ 

A  comparison  of  these  records  shows  that  two  beds  of  coal 
were  encountered  in  all  four  of  the  holes  at  approximately  the 
same  depth,  namely  at  seventy-two  and  103  feet,  but  that  the 
veins  varied  considerably  in  thickness.  At  about  135  feet  an- 
other seam  was  encountered  in  two  of  the  holes  (A  and  B)  and. 
at  158  feet  still  another  was  found  in  two  of  the  borings  (B  and 
D)  but  was  absent  from  the  others.  Besides  the  four  just  men- 
tioned, other  veins  were  struck  at  different  depths  in  the  various 
holes,  no  less  than  seven  being  penetrated  in  one  boring  (B)  and 
only  three  in  the  one  next  to  it  (C)  and  less  than  200  feet  dis- 
tant. These  sections  show  that  the  coal  beds  are  not  persistent 
for  any  great  distance  and  that  their  thickness  varies  quite  widely. 

A  well  sunk  on  the  land  of  Norman  Reno,  in  section  12  of 
Pleasant  township,  went  through  222  feet  of  Coal  Measures,  these 
strata  consisting  of  shales,  without  any  limestones  or  sandstones, 
so  far  as  reported.  The  lower  100  feet,  before  striking  the  Saint 
Louis  limestone,  was  composed  of  black  carbonaceous  shale.  The 
record  of  this  well  is  given  below: 

FEET. 

13.  Drift  clay   60 

12.  Sand    3 

11.  "Soapstone" 15 

10.  Shale,  gray   30 

9.  "Soapstone"   20 

8.  Shale,   black,   carbonaceous    7 

7.  Coal   3% 

6.  Shale,  blue   15 

5.  "Soapstone"    10  to  15 

4.  Shale    8 

3.  "Soapstone"    10  to  14 

2.  Shale,  black   100 

1.    Limestone  (Saint  Louis*)  alternating  with  thin 

layers  of  blue  "sandstone"   182 
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The  Pleistocene  System. 

Separated  from  the  Carboniferous  by  a  long  interval  of  time 
and  resting  unconformably  upon  the  strata  of  that  system  are  the 
loose,  unconsolidated  deposits  of  the  Pleistocene  system.  These 
include  the  drift,  loess  and  alluvium.  The  latter  is  confined  to 
the  valleys  of  the  Des  Moines  and  its  chief  tributaries  and  the  bot- 
tom lands  along  Cedar  and  Competine  creeks.  With  the  excep- 
tion of  these  strips  along  the  streams  the  surface  is  covered  to  h 
greater  or  less  depth  by  drift  and  loess. 

KANSAN    DRIFT. 

In  common  with  the  rest  of  southern  Iowa  Wapello  county  is 
covered  bv  the  Kansan  drift  sheet.  This  is  not  the  oldest  of  the 
glacial  deposits,  since  at  a  number  of  localities  in  the  state  a  still 
older  drift  is  found  beneath  the  Kansan  and  usually  separated 
from  it  by  a  forest  bed  or  deposit  of  graveL  While  no  evidence 
was  found  that  such  a  pre-Kansan  drift  sheet  is  present  in  Wa- 
pello county  it  probably  occurs  below  the  Kansan,  as  evidence  of 
its  presence  has  been  found  in  the  counties  lying  to  the  east. 

The  drift  varies  widely  in  thickness  over  different  parts  of  the 
area.  In  Center  and  Polk  townships  it  is  not  very  heavy  and 
will  probably  not  average  much  over  twenty-five  feet,  while  in 
Highland  and  Comi)etine  townships,  as  shown  by  well  records,  the 
thickness  is  from  120  to  130  feet.  The  greatest  thickness  reported 
as  having  been  encountered  in  drilling  wells  was  in  section  3  of 
Cass  township,  where  the  drift  was  170  feet.  While  the  maxi- 
mum may  reach  203  feet  in  some  places,  it  is  likely  that  the  aver- 
age thickness  is  not  more  than  100  feet. 

The  materials  comix)sing  the  Kansan  drift  are  clay,  sand, 
gravel  and  bowlders,  but  the  proportions  in  which  these  are  found 
varj^  considerably  at  different  points.  Bowlders  of  any  consider- 
able size  are  not  at  all  common.  The  largest  one  observed,  wliic  li 
was  beside  the  road  in  the  Sw.  ^/4  of  the  Se.  V4  of  section  32,  Cen- 
ter township,  measured  six  by  twelve  by  five  feet.  The  stria- 
tions  were  at  right  angles  to  the  surface  of  the  ground,  so  that 
the  longest  diameter  was  doubtless  buried,  the  striae  usually  being 
parallel  to  the  greatest  diameter.     The  rock  was  a  fine-grained 
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granite.    Good  sized  diabase  and  greenstone  ^lOwUk^m  whus  alno 
observed. 

The  best  place  to  study  the  drift  is  in  the  deefi  (mU  aUmt;  ilm 
new  line  of  the  Chicago,  Burlington  &  (iutruj  Kailrr^  indWMm 
Ottumwa  and  Agency  City.  WT^iile  thesf?  rrutK  were  nr/t  (tfmifA^dktl 
when  visited  by  the  writer  in  June,  1 W2,  n^veral  of  tiurtu  n\um^ 
from  forty  to  fifty  feet  of  drift  In  the  river  bluff  jtwt  «iiit  (4 
Ottumwa,  at  Franklin  Park,  the  following  Mectirm  in  ffXfK/^d; 

TKHCf, 
3.    Loes^,  ^i^Jt  quite  argillaceorix,  filled  with  pl^iot 

root  j ..,..,,     H 

2.    Till,  sandj.  leached,  reddisih  hr//wn,  1p:rfnf(Stuntn  K# 

1.    TILL  blae  or  gray,  contains  brjt  little  Hand  aod  M 

a  stiff   claj    (exposed; ,     i 

The  line  of  separation  between  nurnliem  1  an/J  2  iif  li^rf^f  ^|iiit^ 

distinct  owing  to  the  marked  cJiange  of  r^^lor,    'Hi^  ir^/fi  fiiWJ  M^^ 

cumulated  at  the  ba-^fr  of  number  2,  wli^re  it  Jusui  J^#!#ffi  4^^mUA 

in  the  form  of  Hmonite  by  de^^-^nding  wat/ff.    It  ft^mm  tu  iisiu 

crusts  about  ocfr-^ioarter  of  an  in/'h  thi^fk,    ThiJt  nsi44U:  umtA^rf 

is  also  very  ^andy :  in  \Asif^f^  it  i*  hlm^M  a  f/tjr^  i6Ar>/Jf  t>j^  f/tuii^i^^ 

frequently  beirLz  ^^^r.^nt^i  t/>tc^}i^r  by  \rou.     Sft^Ai^^rr  n^r^Mm 
irtiidi  is  seen  in  tLe  eut  one-^ri^if  rnil^  ea*t  ^/f  Sfiip?tf  ^i^  U  i(jft^m 

bdow: 

1.  Lr.e»*       t  •A  ^ 

2.  Till,  r*Jtn:'»a  -.r^-wri    >:t^lv^^   v/:^v/»f  ^^ 
I_     Till,  'ii.u*  ',r  7T*7                                                                  ^ 

Granite.  ZT«H%!:fW.r^  ;iT.#^  V.tcJ^f//fJr  i^^tJ^sk  ;itf^  ^/si:*i//st  ;x  ^i^ 
fcmw-  part  '-.f  tiu>^  'irl/t  xtA  rrj^*7  ^f  ^/^^r^  f^r*r  ^/ft^  '/f  ♦ir^/  t>i4« 

la  ail  o!f  ^2iiM^  v\r.k  v^  vr^*:>%if  ^st^tu*^  ^/^  *ft^^^/A^  i(/^>%^,  ^  ^^^ 
bsHL  'iiftftAi-^-Kl  ^»ir  4;t/^  ^;i/r>H  ^m^^;^   v/  ^Hi*-   •ii^Ai?  4«u^  ^it^   i«vi 

p«rtiai  :2m  -.,1  r**  tjw>  rM  ^Auvtf    TV  'I^^a  v>  »'tu*M.  ^uic  imjiA. 
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ered  zone  extends,  from  eight  to  ten  feet  or  more,  indicates  that 
a  long  interval  of  time  elapsed  between  the  deposition  of  the 
Kansan  drift  and  the  laying  down  upon  it  of  the  loess.  The  fact 
that  the  later  drift  sheets  have  undergone  comparatively  little 
change  by  weathering,  though  they  were  formed  thousands  or 
tens  of  thousands  of  years  ago,  gives  some  idea  of  what  that  in- 
terval must  have  been. 

At  several  points  a  ferruginous  gravel  or  conglomerate  occurs 
at  the  base  of  the  drift,  resting  directly  on  the  Coal  Measure 
shale.  This  is  well  shown  in  the  Nw.  y^  of  the  Nw*.  i/4  of  section 
6,  Cass  township,  along  a  tributary  of  South  Avery  creek.  Here 
the  black  shales  are  overlain  by  a  very  ferruginous  gravel  and 
coarse,  cross-bedded  sand.  In  places  the  iron  is  so  abundant  as 
to  form  a  cementing  material  for  the  constituent  particles  and  a 
finn  conglomerate  or  coarse  sandstone  is  formed.  The  pebbles 
are  mostly  quartz  and  sandstone,  but  some  are  composed  of 
igneous  rock,  such  as  diabase  and  granite.  The  presence  of  these 
foreign  materials  would  seem  to  indicate  that  the  conglomerate 
is  to  be  placed  with  the  drift  rather  than  with  the  Coal  Measures 
on  which  it  rests,  since  if  it  belonged  to  the  latter  the  constituent 
pebbles  would  undoubtedly  be  composed  of  local  materials  and 
would  contain  no  igneous  rocks  brought  from  any  considerable 
distance.  If  the  conglomerate  belongs  with  the  drift  series, 
however,  these  foreign  pebbles  are  to  be  expected.  On  North 
Avery  creek,  in  the  Sw.  l^  of  section  26,  the  ferruginous  gravel 
is  again  exposed  at  the  base  of  the  drift,  which  here  has  a  thick- 
ness of  six  to  fifteen  feet.  Still  another  locality  where  this  de- 
posit occurs  is  on  the  Des  Moines  river  just  above  Eldon.  The 
gravel  and  sand  here  have  a  thickness  of  ten  feet ;  they  rest  on  the 
shales  of  the  Coal  Measures  and  are  overlain  by  fifty  feet  of  drift. 

The  age  of  these  gravels  may  be  either  Aftonian  or  Kansan. 
Their  presence  at  the  base  of  the  Kansan  diift,  from  which  they 
are  not  separated  by  any  dividing  line,  makes  i  t  seem  quite  proba- 
ble that  they  belong  with  that  drift  sheet,  though  this  could  not  be 
determined  with  certainty.  It  is  possible  that  the  gravels  are  in- 
terglacial  and  are  to  be  correlated  with  the  Aftonian  gravels  seen 
at  Afton  Junction  and  elsewhere  in  the  state. 
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THE  IiC*£SS. 

The  loess  I*  fomid  ^jf^eriymz  the  Kansan  drift  orer  wfoeX  of 
the  ocranty,  bcmgh  its  thiekness  <kte«  not  seem  to  be  great.  Where 
exposed  along  wagr»ii  irttds  ai>d  in  railrcoid  oots  it  rarely  exceeds 
fire  or  six  feet  in  dej^di.  tiK»iigii  in  soine  j^laoes,  as  Dear  Ag«iCT 
Citv,  it  reaebes  a  tidckDess  of  ten  to  fifteen  feet.  The  loess  is 
light  gray  in  ocJor.  is  of  fine,  uniform  texture  and  is  less  com- 
pact than  the  TvgiT>^>«Ti  tilL  Xo  fossils  vere  observed  in  the  de- 
posit and  lime  eoncretir»ns  *  loess-kindehen »  are  rare. 

AT  J  .rrjr  jg  A3?r»  te3&ilaces. 

The  flood  j»lain  of  the  L>es  Moines  and  its  larger  tributaries  aad 
of  Cedar  and  Comjiietine  creeks  are  oomix/sed  of  allu\'iiim.  This 
deposit  is  ec»mjK:>sed  of  materials  derived  chiefly  from  the  drift 
and  loess  vliich  have  been  carried  down  the  slojjes  by  the  rains 
and  redejKtsrted  by  the  streams  in  their  valley  bottoms.  The  al- 
luvial j^laiii  c>f  the  l^?s  Moines  reaches  a  width  of  more  than  two 
mikss  for  some  distance  l#elow  i^^umwa.  The  limits  of  the  flood- 
plain  of  this  river  are  indi^^ated  by  a  broken  line  on  the  map 
aoeompanying  this  rejiorL  its  surfac^e  lie*?  at  a  level  of  about 
twelve  feet  above  low  water.  The  remnants  of  an  older  flood 
plain  show  at  a  numlicr  of  j^la^^s  in  the  l>es  Moines  valley  as  a 
terraoe  lying  eight  feet  alx^ ve  the  '  *  first  Ix^ttom, '  ^  or  at  an  eleva- 
tion of  twentv  feet  a^x>ve  low  water.  The  river  has  cut  into  and 
earried  away  most  of  this  higher  j4ain  which  omx*  formed  the 
bottom  of  the  vaUev  and  all  that  is  left  of  it  is  this  terrace.  It 
appears  on  the  west  side  of  the  river  just  Ijelow  ^Jttumwa,  south 
of  EldoiL  and  at  various  }#oints  Ijetween  these  two  towns.  Eddy- 
ville  is  built  on  a  terra^je  twentv -five  feet  above  low  water  and 

• 

near  Kirki'ille  station  there  is  what  ajijjears  to  be  the  reumants 

of  a  fiftv  foot  terrace.    'J'he  road  between  the  station  and  Chilli- 
oothe  traverses  it  for  some  distance  befc»re  descending  to  the 

preseiit  flood  plain. 

Deformations . 

The  strata  have  undergone  but  slight  disturbance  since  they 
were  laid  down  under  water  and  for  the  most  part  are  nearly 
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horizontal.  The  beds,  however,  have  a  slight  dip  to  the  south, 
the  average  being  about  three  feet  to  the  mile.  At  a  few  points 
the  Saint  Louis  strata  are  seen  to  be  thrown  into  gentle  folds. 
These  are  well  exhibited  one  mile  northwest  of  Chillicothe  in  the 
artificial  channel  cut  by  the  Chicago,  Burlington  &  Quiney  rail- 
road for  Avery  creek.  In  this  cut  the  limestone  beds  form  five 
or  six  gentle  anticlines.  The  monoclinal  fold  with  a  dip  of  20  ° 
occaring  in  the  same  beds  near  Dudley,  has  already  been  men- 
tioned. 

Few  faults  occur  in  this  region  and  when  found  they  are  of 
small  extent  In  the  mine  of  the  Illinois  and  Iowa  Fuel  Company 
at  Keb  there  is  a  fault  which  has  a  northwest-southeast  direction 
and  a  displacement  of  between  four  and  five  feet.  A  fault  is  also 
reported  as  occurring  in  the  Appanoose  mine  at  Willard. 

Unconformities. 

Unconformities  exist  between  the  Saint  Louis  limestone  and 
Coal  Measure  shales  and  between  the  latter  and  the  Pleistocene 
deposits.  The  unconformity  between  the  strata  of  the  Upper  and 
Lower  Carboniferous  is  excellently  shown  in  the  artificial  cut 
one-half  mile  east  of  Dudley,  already  mentioned  on  a  previous 
page,  where  the  black  shales  of  the  Des  Moines  stage  are  seen 
resting  on  the  eroded  and  uneven  surface  of  the  Saint  Louis  lime- 
stone. The  calcareous  beds  had  suffered  considerable  erosion  and 
a  thickness  of  many  feet  had  been  carried  away  before  the  shales 


were  laid  down  on  top  of  tliem.  A  shallow  valley  was  cut  in  the 
limestone  at  this  point  and  was  subsequently  filled  by  the  argil- 
laceous deposits  of  the  Coal  Measures  (Fig.  74).    The  uneon- 


UNCONFORMITIES. 


477. 


formity  is  also  well  exhibited  along  the  Des  Moines  river  at  the 
old  quarry  just  below  the  Chicago,  Burlington  &  Quincy  railroad 
bridge. 

The  Pleistocene  deposits  everywhere  rest  unconformably  npon 
the  Carboniferous  strata.  After ,  the  latter  were  formed  and 
raised  above  the  sea  tliere  was  a  long  erosion  interval  during 
which  the  land  surface  was  carved  and  shaped  by  the  streams. 
It  is  possible  that  there  was  a  submergence  during  Cretaceous 
time  but  we  have  no  record  in  this  county  of  there  being  any 
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encroachment  of  the  sea  over  this  area  during  that  period.  For 
a  long  lapse  of  time  therefore  the  rivers  acted  upon  the  land 
mass  and  eroded  deep  and  broad  valleys.  Upon  this  old  land 
surface  the  loose  and  heterogenous  deposits  of  the  Pleistocene 
were  left  by  the  ice  sheets  that  invaded  tiie  region  from  the  north. 
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ECONOMIC  PRODUCTS. 
Coal. 

Wapello  is  one  of  the  important  coal  producing  counties  of  the 
state.  Thirty  years  ago  its  output  was  greater  than  that  of  any 
other  county  with  the  possible  exception  of  Mahaska,  and  during 
all  the  years  since  then  it  has  held  its  place  near  the  head  of  the 
list  It  now  ranks  seventh  in  its  production  of  coal,  its  output 
for  the  year  1901  being  249,880  tons. 

Mining  has  been  carried  on  here  almost  from  the  earliest  settle- 
ment of  the  region.  As  long  ago  as  1857  there  were  mines  in  the 
neighborhood  of  Kirkville  and  Dablonega,  in  the  river  bluffs  four 
miles  below  Eddyville,  and  along  Bear  creek  four  miles  west  of 
Ottumwa.  In  1862  Wapello  produced  327,650  bushels  of  coal,  or 
nearly  three  times  as  much  as  any  other  county  in  the  state.  In 
1867  when  White  visited  this  district  the  following  were  the  more 
important  mines  in  operation:  C.  Dudley  &  Company's,  one  mile 
south  of  Dudley,  on  Middle  Avery  creek.  The  seam  was  four  feet 
thick  and  lay  fifty  feet  above  the  Saint  Louis  limestone.  Henry 
Shock  &  Company's  mines  in  Happy  Hollow  (Sec.  8,  Tp.  72  N., 
R.  XIV  W.)  which  were  working  in  a  five  foot  seam.  Messrs. 
Brown  and  Godfry  operated  tlie  Union  mine  near  Keb  (Sec.  33, 
Tp.  73  N.,  R.  XIV  W.)  where  the  coal  was  four  to  four  and  a  half 
feet  thick.  The  Alpine  Coal  Company  had  a  large  mine  at  Alpine 
station  (two  miles  below  Cliffland)  on  the  Des  Moines  Valley  rail- 
road. The  seam  was  from  four  to  five  feet  thick  and  large  quan- 
tities of  the  coal  were  shipx)ed  to  Keokuk.  White  states  that  since 
the  mine  was  oj^ened  it  had  i)roduced  about  1,000,000  bushels, 
which  was  probably  more  tlian  the  output  up  to  that  time  (1867) 
of  anv  other  mine  in  the  state. 

In  1877  the  largest  mines  in  the  county  were  the  Union  Coal 
Company  mine  with  an  output  for  that  year  of  608,977  bushels  and 
the  Postlewait  mine  in  Happy  Hollow  with  an  output  of  582,507 
bushels.  The  latter  mine  was  connected  with  the  Chicago,  Bur- 
lington and  Quincy  railroad,  over  one  mile  distant,  by  a  tram 


COAL.  Hit 

road.    For  a  number  of  years  prior  to  1H90  Hm  Witfiitllo  (Um\  fih4 

Mining  Company  operated  extennivo  uuwm  jiiMi  mmiU  hf  KiH^ 

viUe  (Sec.  17,  Tp.  73  N.,  R.  XIV  W.)  T\m  (Htiimwtt  Mui  Klfkvj|(# 

railroad  connected  them  with  the  dhu'jtuo,  \Ufi'k  \H\mu\  Mu\  t% 

cific  railroad  and  large  quantiti<?H  of  c/ml  w^^n?  Mhif/fM<^l.    Tt^  v*rjw 

averaged  five  and  one-half  fw^t  thi(;k  iin/J  ov^rr  4^!^i  /»/<r^«i^   w^^ 

worked  out    Over  3(Xj  minern  were  4'jnp\oyi^l  uri/l  IJm^  Mill  ontf/fii 

of  these  mines  was  between  one  and  two  million  Umn, 

Mining  has  been  confine^l  i¥p  far  tiUUftty  Ut  i\ii*  f$^prtUwsm$Mrh  f^ftH 

of  the  wunty,  in   Kichland,   OuU'j,    Polk,  ('olmuShH,  M$4  ^imm 

townships.    Aside  from  the  IjuUMhU*  tntfu*.  Hf$^i  f>M^  oM  foif4^  ^i 

Alpine  very  little  ^yj<sal  liai«  iM^iu  Uilufft  ot$i  U$  ii$*f  n/fi$U^fU  f$fA 

northeastern  ry>rtioa«  of  th/-  4^mui'>\     Y^i  iUin  i*  /^/f  I^j^^^^m^  v< 

coal  ("eeun-  for  ji^^itj^,  ar^  nufUfuSAi^^ily  f^r^iu^d  ih  O^  ^>/*i  W^^iMt 

ores  of  tiiifrs^  i-^rti^  of  fi^  ar*^^    ^>/;»l  ffith^tojm  $u  ♦^^  ^;/J>  /^-  *a^ 

virinlrv  of  ^yrzij&i^'^'\.jh  ^zA  •.jr>'f*r  ^nr^'  ;^  tiUUiS^r  ^/f  «///>i^;;  a/^/4/*/'/ 
basis  rn  'irs^^-  v/wr^*.".^;/.     A/*  *fiafV»f>'*'/i  t//  %^^u^y  ii^'4,  va^,*,  >4iit 

been  r^nir^i  '.r.  ^  tiv^..  iy^>r  ^^f^r-**,  ^h^  ti;:j^  ^j^-  '/f  hfi^^^i^'^^ 

fe»  r:*^*ji.  •IIP'  :»**?»»*ni>>-  '/  >r-«i.     1  "M»t^  >^v*^*  -*/  ^^**  v/uiiv      -^' 

a*  iatif  fM#«r  -»>»^ii    v»*  ':ssii  ^t  ^   u*^^':i   v^     'T-.  1*>^      '-•  *^   «tv/-^<  V 
tii»  i^^l    K  i:*'*^  ^n  i  ^''.i^' iviu  ><^^« 

^lil  "tip-    r«^!>    J.'!!'        '*  iin\^^    u    iu^^    -fii/wi/*//^*    ^^    t>v*    U<*^''>    4/ 
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stances  lies  near  the  surface.  But  whpn  these  areas  have  been 
worked  out  it  is  not  unlikely  that  the  parts  which  at  present 
produce  no  coal  will  furnish  a  good  supply.  It  may  be  expected 
that  systematic  prospecting  will  show  the  presence  of  workar 
ble  seams  in  these  now  neglected  portions  of  the  county. 

The  opinion  seems  to  be  quite  prevalent  that  coal  is  more 
liable  to  be  present  in  the  valleys  or  depressions  than  under  the 
uplands.  But  it  is  to  be  remembered  that  the  existing  valleys 
and  hollows  were  not  formed  until  long  after  the  beds  of  coal 
were  accumulated  and  there  is  therefore  absolutely  no  relation 
between  the  configuration  of  the  present  surface  and  the  under- 
lying coal  seams.  The  latter  are  just  as  likely  to  occur  beneath 
the  uplands  and  away  from  the  streams  as  anywhere  else,  as  has 
many  times  proved  to  be  the  case. 

The  coal  in  this  county  lies  at  no  great  depth  below  the  sur- 
face. There  is  no  mine  that  is  over  130  feet  deep  and  most  of 
them  are  less  than  100  feet.  In  many  places  the  seams  outcrop 
along  the  sides  of  the  valleys,  as  along  the  Des  Moines  river  two 
miles  below  Cliflfland  station  and  at  various  points  along  Sugar 
creek.  The  lower  beds  of  coal  occur  only  a  little  above  the  Saint 
Louis  limestone.  In  one  instance  the  vein  lies  only  twenty-five 
feet  above  the  limestone,  in  another  but  three  feet.  As  has  al- 
ready been  stated  the  maximum  thickness  of  the  Coal  Measures 
in  Wapello  county  is  probably  not  over  250  feet  and  over  a  con- 
siderable portion  of  the  area  their  tliickness  is  less  than  this. 
Beneath  the  uplands,  therefore,  where  it  would  be  necessary  to 
to  go  the  deepest  before  reaching  the  lower  coal  seams,  if  they 
were  present,  it  might  be  necessary  to  go  over  203  feet  in  order 
to  strike  them.  To  the  thickness  of  the  Coal  Measures  must  also 
be  added  that  of  the  drift,  which  averages  about  100  feet  It  is 
not  at  all  improbable  that  there  are  coal  seams  lying  at  consider- 
ably greater  depths  than  those  now  worked  and  that  when  the 
latter  are  exhausted  the  deeper  ones  will  be  prospected. 

While  the  coal  beds  vary  greatly  in  thickness  the  large  ma- 
jority of  those  which  are  being  worked  now  run  from  four  to 
five  and  one-half  feet.  In  a  few  instances  seams  two  and  three  feet 
thick  are  being  mined,  but  these  are  exceptional.  It  is  reported 
that  in  the  Happy  Hollow  mine  and  those  just  south  of  Kirkville 


the  beds  reached  a  thiokm^ss  in  pImvM  oT  nU    Mlitl   mum  IimII'  MMil 

seven  feet    The  coal  sinuuH  niv  uol  immiIImiimum  \S\\  Mlh    MImhI^ 

distance  but  are  more  or  h>8H  lontloulnr  In  Mlinpn  mimI  liilf)  i<Ml< 

toward  the  sides.    No  om>  vtMii  oxtonilw  uvur  1Im»  imiHih  mmimiIi' 

nor  probably  even  over  ono  (o\viihIiI|»  ImiI  wlii«ii  riilldH'Mil  I'm  N 

few  miles  it  is  found  to  pi n(*li  out  kihI  dUMppoMf  hi  Im  Iim  im|Jh/<mI 
by  another  seam  at  the  Hatiu^  or  h  (llUVnifil  ImmI^hm     TIiIn  hHUi 

paratively    rapid    variation    in    llio    llilfkhMMM  nf  \Uh  hH\n  lUiii 

their  thinning  out  t^>wanl  Uim  imI^km  nmUim  M   iihhhHHH  in  ftiii 

down  the  number  of  holitn  wIm'N  pnmpiM'Mn/iit  fo^  /'//m1      A   \'W/^ 

several  feet  in  thickm*«H  may  \h*  hIvwU  nl  nith  ftiOiit  iim\  }fi  hU 

other  hole  only  a  few  hundn^d  ti*i*S  diMlnnl  IIm<  ^''^*M^  f/r^^^  ^A  U^ti 

or  three  inches  thick  or  <-niir<'ly  iifm^'fif;     TI^m/*  Ufhi^nhif^hf^fi  Ui 

the  ooal  seams  are  wifll  kuomu  f//  Um'  roi^'M  ^f/f/(  ^r/^*  tihtf*h^h/t 
in  the  records  of  th^  U/rin^M  ri/'iir  l,hJUU^thU\  i^jfhh  f/h  h  ^tH*  num 
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the  smaller  are  provided  with  only  the  simplest  contrivances. 
In  nearly  one-half  the  mines  steam  power  is  used  for  hoisting 
the  coal  and  in  most  of  the  remainder  the  horse  gin  is  employed. 
For  underground  haulage  the  tail  rope  system  is  used  in  the 
Illinois  and  Iowa  Fuel  Company's  mine  at  Keb  and  in  the  Con- 
solidation No.  9  while  in  eight  other  mines  mules  are  used  for 
this  purpose.    The  room  and  pillar  system  of  mining  is  the  only 

one  employed  in  the  county  and  the  coal  is  shot  from  the  solid 
without  any  undercutting.  The  Eldon  Coal  and  Mining  Com- 
pany for  several  years  tried  the  Jeffery  mining  machine  but  its 
use  was  finally  discontinued  on  account  of  the  stony  concretions 
in  the  coal  which  injured  the  machine  and  caused  much  trouble. 
The  coal  is  now  mined  entirely  by  hand.  Ventilation  is  se- 
cured in  about  one-third  of  the  mines  by  the  use  of  fans  and  in 
the  rest  furnaces  are  used  for  this  puri30se.  A  majority  of  the 
mines  are  ec^uipped  with'  substantial  and  well  built  tipples  in 
which  stationary  screens  are  the  only  ones  used. 

Although  the  seams  have  been  worked  out  over  only  an  in- 
significant part  of  the  area— it  is  probable  that  not  much  over 
1,000  acres  have  been  mined— yet  the  county  has  yielded  large 
quantities  of  coal.  The  output  for  the  last  twenty  years  is  given 
in  the  reports  of  tlie  State  Mine  Insj^ectors  and,  sinc^.1897,  in 
the  Annual  Reports  of  the  Geological  Sun^ey.    Previous  to  1881 

no  yearly  records  were  kept  but  the  production  for  oeiiain  years 
is  contained  in  the  State  Census  Reix^i-ts.    In  the  following  table 

are  given  all  the  available  data   relating  to  the   coal  output  of 

Wapello,  the  amounts  being  stated  in  short  tons. 

YEAR.  TONS. 

1860  17,062 

1862  13,106 

1866  6,575 

1868  27,503 

1874  20,745 

1877  53,559 

1881  131,815 

1882  207,721 

1883  237,821 

1884  240,720 

1885  187,911 

1886  237,111 

1887 272,073 

1888  380,395 


r,OAL.  4ii^ 


trxA^'i 

r*9i>    if>^.«eiir# 

liftl    .  UV  /flt^ 

liflft   .   ..    .  i.-i<,,i^i 


ape   ti*»^    Ml**^-      *:      V  ..^i;'      ^s.j'        ^aO'-4c'jL<i<>         i .'     ^^a*?       '-^^ilr 
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Of  the  twenty-seven  mines  now  worked  (1902)  in  the  county 
seven  are  shipping  or  railroad  mines  and  the  rest  supply  the 
local  trade,  most  of  them  being  operated  only  during  part  of  the 
year.  Their  location  is  shown  on  the  map  accompanying  this  re- 
port 

DESCRIPTION   OF  INDIVIDUAL  MINES. 

Ottumwa  Mines.— Here  are  included  all  those  which  are  within 
three  miles  of  the  city. 

The  Bear  Creek  Coal  Company  has  a  mine  on  Bear  creek,  three 
miles  west  of  the  city  limits.  The  coal  is  hauled  about  one-half 
mile  west  to  a  siding  on  the  Chicago,  Milwaukee  &  St.  Paul  rail- 
road where  it  is  loaded  on  the  cars.  The  railroad  takes  the  en- 
tire output  The  seam,  which  is  four  and  one-half  feet  thick  and 
outcrops  on  the  side  of  the  valley  near  by,  lies  only  twenty-five  to 
thirty  feet  above  the  Saint  Louis  limestone,  being  separated  from 

the  latter  by  fire  clay  and  shale.    The  coal  is  reached  by  a  slope 
145  feet  long  and  steam  power  is  used  for  hoisting.    The  mine 

has  been  worked  six  years  and  since  becoming  a  shipping  mine 

is  operated  throughout  the  year. 

The  mine  of  the  Star  Coal  Company  is  one  and  one-half  miles 
south  of  Ottumwa  (Sec.  2,  Ne.  Vi  ^f  the  Se.  Vi-)  A  tramway 
runs  from  the  mine  to  a  point  one-half  mile  nearer  the  city.  The 
seam  is  from  four  feet  six  inches  to  four  feet  ten  inches  thick 
and  is  mined  by  a  slope  400  feet  long,  the  descent  being  one 
foot  in  five.  Steam  power  is  used  in  hoisting  the  coal  and  it  is 
hauled  by  mules  out  to  the  end  of  the  tramway. 

The  South  Ottumwa  Coal  Company  mine  is  close  by  the  one 
last  described  and  is  undoubtedly  in  the  same  vein,  though  it 
here  averages  almost  five  and  one-half  feet  in  thickness.  The 
shaft  is  ninety-three  feet  deep  and  coal  is  raised  by  a  horse  gin. 

A  short  distance  east  of  here  is  the  mine  of  the  Excelsior  Coal 
Company  (Sec.  1,  Nw.  1/4  ^f  the  Sw.  14).  The  seam  lies  fifty- 
five  feet  below  the  surface  and  runs  from  four  feet  to  four  feet 
eight  inches  in  thickness.  Over  the  coal  is  ten  feet  of  black 
shale  which  forms  a  good  roof. 

Still  farther  east,  in  the  southwest  quarter  of  section  6,  is  the 
John  Daniels  mine.    This  is  one  of  the  deepest  in  the  county, 


tbtt  l«arraQQ.  T^eiL  Itsur  13{'  feffi  bdcv  the  snrfare.  Pive  feeat 
aberre  5^  saumiST  maaaoL  mid  lite  jrper&c>e  xidckneas  of  each  i<^  four 
and  onerh&if  f«eL  Tiie  ecffii  in  "an*-  mine  Ik*^  Bbom  fifrr  feet 
bei^ir  liie  iprfi  of  iiit  Said  Ijonk  liiiifjsaf me  'wiiei^  il  is  ^cpoaed 
Ib  like  tied  «:  liie  rrresr  ai  (nxmcvB.  Twc»  miies  DoniL  Tbe  liioe- 
stoK'  enrtif?  ila^  come  h  ^urtmc  dJi»  k*  the  s(*iith  (»r  the  Ktraia 
hxvir  iiere  «ir5e!re>d  wmfiiderahie  esrctsacoi  jirior  XC'  the  df*]K«itioii 
of  liie  iJ'wL  Measures 

Tbe  f OUT  TTinn^  j{#(:a3ed  f*cnni  f»f  the  erty  find  a  rf*Ady  iDariit<x 
for  their  <niunn  ix  ^mmrva  and  are  wel;  e^iii]»j«ed  for  snpphr- 
™g  liie  demand. 

The  Fair  ^(lal  iiiiue  i^  Tvc-  and  taie-half  miles  southeast  of 
OtUm.*wiL  ii  Hie  2^^^  i^  ctf  the  Xe-  ^4  of  Sec;.  4,  Tp.  71  X^  R 
Xm  Tr,  The  j^fitm  if-  liir^^e  xc*  f coit  feel  thick  and  lie?  thineen 
feel  l«eicnpr  the  \#ec  i»f  the  <=rrTtiui  streani  enxerinp  the  riTer  near 
by.  Tids  is  Qcratciesf  "ihe  saute  aeaiL  liiat  lias  been  extensxreir 
qiiarried  ii  the  t*ec  cd  the  l>e?  M<:»ines  near  the  mouth  of  Siusar 
cre^et.  The  nine  is  vc^ried  t^nr  means  (»f  a  short  slope  and  fmp- 
p^ies  the  >.»ctl  mari*«i. 

OjslI  ha*-  r»eeL  iLinec  iu  riiiiierc^iis  ]K»ii:is  a3(»n£r  Sugar  creek,  tbe 
staaii  "woTE^z  haT  Ttr  a  thi'/iness  oi  two  feeL  The  chief  mineB 
Dwr  ix  o;«eraiJox  iiei»-  are  liie  <^]  Cte^  and  Parker  mine*;,  tbe 
f<«iiier  t^einr  in  the  Se.  -4  of  the  Xe.  -4  c»f  Sw..  2il.  T71,  TiJ  X-, 
R.  xm  and  liie  ia-tiw  in  Se.  -4  of  Sw.'-^  of  See.  il,  T*jx  7i  X-, 
R-  xm  TT.  ^I'OIl:  is  hls^j  heiiiE  mined  on  a  small  sfiaie  from  tbe 
oataxf^n-inis  w^ams  in  the  bluflF  near  the  Chjcasxt.  Bnrlinirton  ^ 
^^nSney  l»iidffe  orer  Stjctx  ereek- 

Tbe  S]:»rin^  VaJlej  c^.iaJ  mine  is  lc»«aled  vithin  the  ciiy  limits;, 
near  the  n<L»rtii**ra  liCTrndarr  and  <m  a  tnbutarT  of  Harrom''^ 
fcsandbL  There  are  Two  «*ea2ns  of  oc^lL  the  ii}»}*er  tkre»e  and  «De 
half  amd  the  ]<:arer  fc>iLr  fee?  thidL  Tbe  lover  f*eana.  vbiftb  is 
tbe  <mt  iK»v  hiAnz  vc»rked-  is  reached  at  a  depib  of  forrr  feel 
and  lies  nc«t  fax  ai»c*ve  the  Saint  Louis  lime^aone..  Tbe  latter 
oater^fs  al^.»nxr  the  (i-i^^ek  less  tiian  three- luartw^  of  a  naile  lie- 
low  tiie  shaft 

The  Bla^-k  L*iajii<»nd  mine.  <»|«era3ed  by  Lumsdon  Btos^  is 
one  and  one-third  miles  ncntlrvera  of  the  Sj^fiiar  Valley  near  ibe 
pJant  of  tbe  Ottnmwa  Parinj:  Bntk  and  l\»iistnicd<«i  0<«npany, 
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Still  nearer  to  Kirkville,  in  the  Nw.  l^  of  Sec  16,  is  the  Wad- 
dell  mine,  140  feet  deep  and  the  deepest  in  the  county.  The 
seam  is  quite  uniform  in  thickness  and  runs  about  five  and  one 
half  feet,  with  a  good  slate  roof.  Less  than  a  mile  and  a  half 
west  is  the  Davis  mine  in  the  northeast  quarter  of  section  18. 
The  new  shaft  is  forty-three  feet  deep  and  the  seam  aver- 
ages over  five  feet  thick.  In  sinking  the  shaft  twenty-eight  feet 
of  sandstone  and  four  feet  of  shale  over  the  coal  were  passed 
through.  The  Fuhs  mine  is  located  one-half  mile  south  of  Kirk- 
ville and  the  seam  mined  here  is  about  four  feet  thick. 

Consolidation  Coal  Company  mine.  No.  9.  This  mine  is  lo- 
cated two  and  one-half  miles  east  of  Eddj^ille  and  though  the 
shaft  is  half  a  mile  north-  of  the  line,  in  Mahaska  county,  the 
greater  part  of  the  present  workings  are  to  the  south  in  Wapello 
county,  (Sec.  3  of  Columbia  township).  A  branch  of  the  Chi- 
cago &  Northwestern  railroad  runs  to  the  mine  and  all  the  coal 
is  shipped.  The  seam  lies  near  the  surface  and  outcrops  close 
by  on  the  west  branch  of  Brown  creek.  It  averages  four  feet 
and  two  inches  in  thickness,  being  five  feet  in  places.  The  coal 
is  hauled  over  a  mile  from  the  face  of  the  workings  to  the  shaft 
by  two  tail  ropes,  the  seventy  horse  power  engine  which  operates 
one  of  them  being  located  under  ground.  The  mine  is  provided 
with  an  electric  fan  and  electric  signals.  The  seam  is  not  level 
but  is  quite  undulating  so  that  the  entries  are  sometimes  above 
and  sometimes  below  it. 

Eldon  Coal  &  Mining  Company's  mine  at  Laddsdale.  This  is 
near  the  Davis  county  line  and  on  the  Chicago,  Rock  Island  & 
Pacific  railroad.  The  shaft  is  on  the  north  side  of  the  valley  of 
Soap  creek.  In  sinking  the  new  air  shaft,  three-quarters  of  a 
mile  from  Laddsdale,  the  following  strata  were  passed  through : 

FEET. 

Blue  clay   (drift) 75 

Sandstone    50 

Shale    2 

Coal    IVa 

Shale  and  fire  clay 3 

Coal   4% 

Several  years  ago  an  attempt  was  made  to  use  the  Jeffery 
mining  machines  here  but  they  were  not  a  success  on  account  of 
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the  stony  character  of  the  coal.  The  railroad  takes  the  greater 
part  of  the  output  and  the  rest  is  shipped  to  various  points  in 
Iowa  and  Kansas.  The  seam  has  an  average  thickness  of  four 
feet 

A  mine  was  recently  opened  by  an  Eldon  company  on  the  edge 
of  the  Des  Moines  valley  one  mile  east  of  Laddsdale.  An  ex- 
pensive tipple  was  built  and  it  was  connected  by  a  switch  with 
the  Chicago,  Bock  Island  and  Pacific.  Only  a  little  coal  was 
taken  out  and  the  mine  was  soon  abandoned.  The  roof  is  said 
to  have  been  bad  and  the  coal  of  inferior  quality. 

William  Mcintosh  has  a  mine  one  mile  northwest  of  Eldon 
in  the  Xe.  ^4  of  the  Se.  14  of  Sec.  21,  AVashington  township. 
There  are  two  seams  of  coal  in  this  vicinity,  the  upper  varies 
considerably  in  thickness  but  is  two  feet  in  places,  and  from 
thirty  to  fifty  feet  below  is  the  lower  seam  which  is  three  feet 
thick  at  the  Mcintosh  mine.  The  limestone  layer  outcropping 
along  Big  branch  lies  between  the  two  coal  beds. 

Appanoose  mine  at  AVillard.  This  is  on  the  Chicago,  Mil- 
waukee and  Saint  Paul  railroad  nine  miles  west  of  Ottumwa  and 
all  the  output  of  the  mine  is  taken  by  this  road.  The  seam  is 
four  feet  thick,  with  a  depth  of  100  feet.  Ten  feet  above  there 
is  a  second  seam  two  feet  thick  but  the  coal  in  this  is  bony  and 
unfit  for  use.    This  mine  has  been  running  about  twelve  years. 

About  one  and  a  half  miles  northwest  of  Willard  there  are 

two  local  mines  which  have  been  worked  for  a  number  of  years. 
The  Newall  mine  is  in  the  Ne.  14  of  the  Nw.  14  of  Sec.  29,  Polk 

township.  The  shaft  is  fifty  feet  deep  and  the  seam  averages 
three  feet  thick.  The  equipment  is  unusually  good  for  a  mine  of 
tliis  size,  there  being  a  well  built  tipple  and  steam  power  being 
used  to  hoist  the  coal  and  run  the  fan.  A.  Major  and  Son  have 
a  mine  on  South  Avery  creek  less  than  one-quarter  of  a  mile 
north  of  here,  and  they  are  probably  working  the  same  seam. 
Where  the  coal  outcrops  in  the  bed  of  the  stream  it  is  overlain 
by  three  inches  of  shale.  This  limestone  ledge  is  not  at  all  per- 
sistent and  is  present  only  in  places.  The  seam  is  here  mined 
by  means  of  a  drift  and  the  coal  is  three  feet  and  ten  inches 
thick. .   _ 

3a  G  Rep. 


■>E.:i.»T    :»  WiPELLO  OjrSTT. 
BaUdi=2  Stone. 


.-i;*-'.!'  .-■•iT.r/  :>  TrLl  ?:::■: -[i^^i  with  building  stone.  The 
:  L-u:*  l::..r*:  i.-r  >  ■..::arT:-i  a:  a  nomber  of  points,  shown 
:.-r  r-.i:  a:  :l.r  rTL-i  :f  •^::?  Pf'i<-n.  and  the  sandstones  of  the 
M-a>-^Trr<  ar^  alj-.-  :is«r>i  :>:■  st-nie  extent,  though  as  a  rule 
;ir-  :•-•  ~:-f:  •.<:•  V^  ?-::;;ab->  f->r  bollding  purposes.  The 
i  "'^i?  ■■:'  :i.^  Siii:::  L-:-:!:*  stac*-.  hc»wever,  famish  a  good 
:::■"  ■  :  j^t.-nr-  I:  ■>var«  in  leitts  varying  from  a  few  inches 
r  :W:  ir.  :':.:■■■:::•«.>  ar.-i  '.!:^iriy  rartings  commonly  separate 
*~l~.  Tl.~  '.'.'.'.-.v^'~:T.e  if  r«i'lily  •jDarried  in  blocks  of  almoet 
y'.iff  r-.uir^i  lor  -  r-iir-an"  ;  an^iise*  and  makes  an  excellent 
■;i:.i;  ::^:'rria'..  It  is  •.■:'  a  ucifiTm  light  blue  or  gray  color 
'•::.::  '■■  u.r  -rye.  i>  very  niie-grained  and  compact  in  texture 
wi::.s::i:.'i>  w«it"::':Ti'.:e  we'.'.. 

..;■  ::.-  >:  -rxtensivf  .  aarrie*  aiv  at  Dudley  and  as  they  are 
i-^  :•-•:  <":.i..-a^.-,  Buriir.srton  and  Quincy  railroad  they  are 
s:f.:a"<:-t  jV-r  ?::::':-i:ie  their  i*r\>dnots.  The  limestone  has 
■_"arrl«-l  i.erv  f^-r  \l:\rvy  years  and  has  been  extensively 
ty  i:.e  raiiri'S-l  iVr  ouiverts.  bridge*,  ballast  and  riprap. 


' '  f  Aadri  w  Lunf»  ai  DndleT.  sbinrlBf  tbr  Si 
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Large  quantities  have  also  been  shipped  to  neighboring  coun- 
ties. T.  H.  Shields  &  Son  operate  a  quarry  near  the  station. 
About  eighteen  feet  of  drift  are  stripped  off  down  to  the  rock 
and  six  to  eight  feet  of  limestone  are  exposed  in  the  face  of  the 
quarry.  A  short  distance  west  of  the  station  Andrew  Laines 
has  a  quarry  in  which  the  following  ledges  are  seen  from  th? 
top  down:  eighteen  inches,  four  inches,  nine  inches,  nine  inches 
and  eighteen  to  twenty-two  inches  thick,  l^me-half  mile  south  of 
Dudley  on  Middle  Avery  creek  two  new  quarries  have  recently 
been  opened  up,  one  by  John  Swanson  and  tlie  other  by  J.  E. 
Ire,  but  little  stone  has  been  taken  from  them  yet. 

The  Saint  Louis  beds  have  been  quarried  at  several  points 
in  the  vicinity  of  Chillicothe  and  on  South  Averj^  creek.  In  the 
Se.  y^  of  Sec^  35,  Tp.  73  N.,  R.  XV  W.,  twenty  feet  of  limestone 
are  exposed  along  the  creek  and  considerable  of  it  has  been 
taken  out  here.  There  are  several  quarries  near  the  mouth  of 
Rock  run  in  the  Sw.  Vi  of  the  Nw.  14  of  Sec.  15,  Tp.  72  N.,  R. 
XIV  W.  The  Saint  Louis  strata  are  well  exposed  on  both  sides 
of  the  stream  and  the  section  seen  here  has  already  been  given 
on  a  previous  page. 

C.  B.  Castle  has  a  quarry  on  Bear  creek  just  west  of  the  city 
limits  of  Ottumwa.  It  is  close  to  the  Chicago,  Milwaukee  and 
Saint  Paul  railroad. 

Limestone  has  for  many  years  been  taken  from  the  bed  of  the 
river  at  Ottumwa  during  low  water.  A  new  place  is  opened  up 
and  worked  out  each  season.  That  portion  of  the  bed  of  the 
stream  which  is  to  be  quarried  during  the  summer  is  enclosed 
by  an  embankment  to  keep  out  the  water.  This  is  constructed 
of  barrels  filled  with  clay  against  which  nre  piled  broken  stone, 
gravel  and  sand  until  a  substantial  barrier  is  built  up.  About 
six  feet  of  limestone  is  removed,  the  upper  layers  being  thin- 
bedded  and  the  lower  in  ledges  three  to  eight  inches  thick.  The 
quarry  is  operated  by  Charles  Chilton  and  during  the  past  year 
(1901)  it  was  a  short  distance  below  the  new  wagon  bridge. 

Limestone  is  also  quarried  quite  extensively  on  Harrow's 
branch,  one-quarter  of  a  mile  above  Second  street,  in  the  north- 
western part  of  Ottumwa. 

Across  the  Des  Moines  river  from  Eddyville  and  three-quarters 
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of  a  mile  south  of  the  town  there  are  two  quarries  near  the  mouth 
of  Miller  creek.  Thomas  Cawley  has  one  near  the  river  and  a 
short  distance  south  is  another  belonging  to  John  Lafferty.    The 


Saint  Louis  beds  here  rise  fifty  feet  above  tlie  river  and  are  found, 
outcropping  well  up  in  the  bluflf.  Considerable  stone  has  been 
taken  out  from  both  of  these  quarries  and  most  of  it  used  in  Eddy- 
ville  and  vieinity,  though  some  has  been  shipped.  Where  the 
Saint  Louis  strata  outcrop  on  the  stream  two  miles  south  of  Kirk- 
ville,  near  the  center  of  the  uortlieast  quarter  of  section  20,  Rich- 
land townshi]),  tlie  rock  has  been  quarried  for  a  distance  along 
the  creek.  From  the  bed  of  the  Des  Moines  river  below  Eldon. 
and  just  north  of  the  Davis  county  line  quite  a  large  quahtity  of 
limestone  is  annually  taken  out  during  the  season  of  low  water. 
In  the  above  list  are  not  included  all  the  locations  where:Iime-" 
stone  has  been  quarried  in  the  county,  for  the  rock  hae  been- 
taken  out  at  numerous  points  throughout  the  area  coyeY^d-  by  the 
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Saint  Louis  and  it  would  not  be  possible  to  give  all  of  these  even 
if  it  were  worth  while. 

The  value  of  the  limestone  quarried  in  Wapello  county  during 
1901  amounted  to  $14,757,  a  slight  increase  over  the  preceding 
year.  ~ 

Clay. 

The  clay  iudustr>'  of  Wapello  county  is  an  imiwrtant  one  and 
within  its  borders  is  located  one  of  the  largest  and  best  equipped 
brick  plants  in  the  state. 

Three  kinds  of  clav  are  found  in  the  countv,  namelv:  1,  Coal 
treasure  shale;  2,  drift  clay  and  3,  alluvium.  AH  three  of  these 
materials  are  used  at  one  or  the  other  of  the  clay  works.  The 
shales  outcrop  at  many  i)oints  along  the  Des  Moines  and  its  trib- 
utaiy  streams  and  a  number  of  sections  containing  these  were 
given  under  the  discussion  of  the  Coal  Measures.  The  drift  clay 
that  is  utilized  is  mostly  the  loess  overlying  the  Kansan  drift  and 
fonning  the  surface  deix)sit  over  nearly  the  entire  area.  The  allu- 
vial clays  are  confined  to  the  valleys  of  the  principal  streams,  be- 
ing especially  abundant  along  the  Des  Moines. 

Ottumwa  Paving  Brick  and  Construction  Company.— The  plant 
of  this  comi)any  is  located  just  beyond  the  northwestern  comer 
of  the  city  limits  of  Ottumwa,  It  is  not  far  from  the  Chicago,  Mil- 
waukee and  Saint  Paul  railroad  with  which  it  is  connected  by  a 
switch.  In  the  clay  pit,  which  is  in  the  side  hill  just  back  of  the 
works,  there  are  exposed  over  fifty  feet  of  Coal  Measure  shales 
and  these  are  all  used  as  they  come,  from  the  top  to  bottom.  The 
section  shown  here  is  given  on  page  466  of  this  report  From  that 
it  will  be  seen  that  a  variety  of  strata  occur  in  the  pit;  clay  shale, 
sandy  shale  and  sandstone,  black,  fissile,  carbonaceous  shale,  coal 
and  fire  clay  being  present  The  lower  coal  seam  has  been  mined 
and  used  for  fuel.  Most  of  the  fuel,  however,  is  obtained  from  the 
Black  Diamond  mine,  only  a  short  distance  from  here.  This  brick 
plant,  the  most  important  in  southern  Iowa,  is  finely  ecjuipped  and 
no  exi>ense  has  been  spared  on  buildings  or  machinery.  The  brick 
are  burned  in  an  immense  continuous  kiln  163  feet  long  and 
eighty-six  feet  wide,  with  a  total  capacity  of  704,000  brick.  It  has 
twenty-two  tunnels  or  arches,  each  with  a  capacity  of  32,000.    Ad 
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is  customary  in  kilns  of  this  type  the  firing  is  done  from  the  top. 
The  eoal  is  ground  fine  in  the  dry  pan  used  for  the  clay  and  is  fed 
in  a  little  at  a  time.    The  finer  the  coal  the  more  perfect  is  the 


.mpany.    The  larp 
right. 

combustion  and  tlie  fact  that  tlie  tliin  cloud  issuing  from  the  100 
foot  smoke  stark  of  this  kiln  is  almost  white  is  evidence  that  most 
of  the  carbon  is  consumed  and  but  vcr>'  little  escapes.  This  con- 
tinuous kiln  is  the  largest  in  Iowa  and  is  said  to  be  one  of  tho 
largest  in  the  world.  In  addition  to  it  there  are  five  Eudaly  down- 
draft  kilns  and  one  0]»en  ujwSraft  kiln.  Both  the  Penfield  and  the 
Brewer  brick  machines  are  U8e<l,  and  the  former  being  employed 
for  making  end-cut  brick.  There  is  in  use  a  nine-foot  dry  pan 
made  by  the  Ragle  -Iron  Works  of  Des  Moines.  In  the  large 
brick  dry-shed  i)rovided  with  six  miles  of  steam  pipe,  50,000 
brick  are  dried  every  twenty-four  hours  and  this  is  about  the 
daily  iiroducfion  of  the  plant.  Power  is  furnished  by  three 
boilers  of  eighty  horse  jHjwer  each  and  engines  of  over  170  horse 
power. 

The  product  of  the  plant  is  building  brick  of  excellent  quality, 
hollow  blocks  and  pavers.    The  latter  are  made  from  the  fire 
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is  customary  in  kilns  of  tliis  type  the  firing  is  done  from  the  top. 
The  coal  is  ground  fine  in  the  dry  pan  used  for  the  clay  and  is  fed 
in  a  little  at  a  time.     The  finer  the  coal  the  more  perfect  is  the 


eomhustion  and  the  fact  that  the  thin  cloud  issuing  from  the  100 
foot  smoko  stack  of  this  kiln  is  almost  white  is  evidence  tltat  most 
of  the  caibon  is  consumed  and  but  very  little  esca])es.  This  con- 
tinuous kiln  is  the  largest  in  Iowa  and  is  said  to  be  one  of  the 
largest  in  t!ie  world.  In  addition  to  it  there  are  five  Kudaly  down- 
draft  kilns  and  one  oi)en  u]Klraft  kiln.  Both  the  Penfield  and  the 
Brewer  brick  machines  are  used,  and  the  fonner  being  employed 
for  making  end-cut  brick.  There  is  in  use  a  nine-foot  dry  pan 
made  by  the  Kagle  -Iron  Works  of  Des  Moines.  In  the  large 
brick  dry-slied  provided  with  six  miles  of  steam  pij>e,  50,000 
brick  are  di'ied  everj'  twenty-four  hours  and  this  is  about  the 
daily  production  of  the  plant  Power  is  furnished  by  three 
boilers  of  eighty  horse  power  each  and  engines  of  over  170  horse 
power. 

The  product  of  tlie  plant  is  building  brick  of  excellent  quality, 
hollow  blocks  and  pavers.    The  latter  are  made  from  the  fire 
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clay  which  occurs  in  the  bottom  of  the  pit  below  the  lower  coal 
seam. 

The  Swift,  Campbell  Brick  Company. — This  company  has  a 
brickyard  just  east  of  the  city  limits  between  the  tracks  of  the 
Chicago,  Burlington  and  Quincy  and  the  Chicago,  Rock  Island 
and  Pacific  railroads.  The  plant  has  been  in  operation  two  sea- 
sons. The  alluvial  clay  which  is  used  is  obtained  near  by,  the 
yard  being  located  on  the  edge  of  the  flood  plain  over  which 
the  alluvium  has  been  deposited  by  the  river.  The  thickness  of 
the  deposit  is  from  ten  to  fourteen  feet  and  below  the  clay  is  a 
layer  of  water-bearing  sand.  The  clay  grows  sandy  toward  the 
bottom  and  the  lower  two  or  three  feet  are  very  arenaceous. 
Some  of  this  sandy  mateiial  is  mixed  with  the  clay  to  prevent 
it  from  shrinking  too  nmch  in  diying.  Most  of  the  brick  are 
burned  in  a  large  continuous  kiln  with  ten  arches.  This  is  pro- 
vided with  the  Swift  coking  tables  on  which  the  coal  is  first 
coked  and  then  pushed  over  either  side  on  to  sloping  grates  where 
it  is  consumed.  In  addition  to  the  large  kiln  there  are  three 
oi>en  updraft  kilns.  A  Brewer  No.  6  brick-machine  is  used  and 
the  brick  are  dried  in  long  sheds  oi>en  at  the  sides. 

Ostdeik  Brick  Plant.— This  is  located  in  the  northeastern  part 
of  Ottumwa  a  short  distance  north  of  Pennsylvania  avenue.  It 
is  the  oldest  brickyard  in  the  county  and  has  been  running 
thirtv-two  years.  Eighteen  inches  of  surface  clay  or  loess  is 
used  and  in  the  common  brick  no  other  material  is  mixed  with 
this.  But  in  those  of  better  quality  one  part  of  fire  clay  is  mixed 
with  four  parts  of  loess.  An  Anderson  brick  machine,  made  in 
Anderson,  Indiana,  is  in  use  here.  The  moulds  are  sanded  and 
it  is  this  sand  on  the  surface  of  the  bricks  that  gives  them  their 
red  color.  They  are  dried  in  sheds,  partly  by  exhaust  steam, 
partly  by  the  wind  and  are  burned  in  four  open  ujxiraft  kilns. 

Mr.  A.  AV.  Molchor  has  a  tile-yard  at  Phillips,  just  across  the 
Chicago,  Milwaukee  and  Saint  Paul  tracks  from  the  coal  mine 
of  the  Phillips  Fuel  Company.  The  plant  has  been  in  oi)eration 
fourteen  years.  Surface  clay  or  loess  to  a  depth  of  three  feet  is 
used  and  with  this  is  mixed  from  one-third  to  one-fifth  of  fire 
clay.  A  Brewer  machine  is  employed  and  the  tile  are  burned  in 
one  large  and  one  small  round  downdraft  kiln.    Sizes  varying 
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from  one  and  one-fourth  inches  to  ten  inches  in  diameter  are 
made.  These  tile  are  of  superior  quality,  hard,  tough  and  of  uni- 
form grade  and  size.  They  are  burned  two  days.  There  was 
formerly  a  brick  yard  at  Eldon  but  it  is  no  longer  in  operation. 
The  value  of  the  clay  products  of  Wapello  county  for  1901 
amounted  to  $64,093  or  an  increase  over  the  previous  year  of 
more  than  $20,000. 

Water  Supply. 

■ 

The  many  streams  of  the  county  furnish  an  abundance  of 
water  for  stock  and  other  purposes  during  all  but  very  dry  sea- 
sons. The  summer  of  1901  was  such  an  exceptional  season  and 
the  drouth  continued  so  long  that  most  of  the  streams  dried  up 
entirely.  The  chief  source  of  water  supply  for  domestic  use, 
however,  is  from  wells.  The  water  is  found  at  varying  depths  in 
sand  and  gravel  layers  in  the  drift  Some  of  these  drift  wells 
are  130  feet  or  more  in  depth  while  others  extend  down  only 
ten  or  twenty  feet.  At  a  number  of  points  in  the  noiiheastem 
part  of  the  county  the  water  is  found  in  a  bed  of  sand  at  or  near 
the  base  of  the  drift.  In  sections  10  and  12  of  Highland  town- 
ship this  sand  layer  was  struck  at  a  depth  of  about  120  feet.  A 
well  one  mile  south  of  Maiysville  went  through  about  130  feet 
of  drift  iind  did  not  reach  tlie  Coal  Measure  shales. 

Quite  a  number  of  wells  have  been  sunk  to  the  Saint  Louis 
limestone  and  a  few  have  i)enetrated  to  the  deeper  strata  of  the 
Mississippian  series.  One  of  the  imiK)rtant  water  horizons  of 
this  region  and  one  carrying  an  abundant  supply,  is  a  sandstone 
about  twenty  feet  Inflow  the  top  of  the  Saint  Louis  beds.  This 
sandstone  i)robably  belongs  to  the  Verdi  division  of  that  stage. 
A  well  in  the  northwest  quarter  of  section  27,  Green  township, 
struck  the  Saint  Louis  at  350  feet  and  the  water-bearing  sand- 
stone at  370  feet.  The  water  rose  to  within  170  feet  of  the  sur- 
face. Near  Blakesburg  the  limestone  was  struck  at  a  depth  of 
365  feet.  The  well  at  the  county  poor  fann,  in  section  22  of 
Highland  township  reached  the  sandstone  at  246  feet^  having 
encountered  the  Saint  Louis  at  L'26  feet.  Two  miles  northeast 
of  Munterville,  in  section  9  of  Polk  township  water  was  found  at 
a  depth  of  124  feet,  after  going  through  twenty-four  feet  of  lime- 
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stone.  Another  well  one  and  a  half  miles  east  of  Munterville 
struck  the  Saint  Louis  at  210  feet  and  penetrated  it  twenty  feet 
when  an  abundant  supply  was  found.  One  of  the  deepest  wells 
in  the  county  is  on  the  farm  of  Norman  Reno  in  section  12  of 
Pleasant  township.  The  record  of  it  has  already  been  given  on 
a  previous  page.  Its  depth  is  470  feet  and  the  last  182  feet  were 
through  beds  of  the  Mississippian  series.  In  the  city  of  Ottumwa 
there  are  three  artesian  wells,  one  belonging  to  Morrell  &  Com- 
pany and  two  to  tlie  Artesian  Well  Company.  The  former  is 
1,554  feet  and  the  latter  2,047  feet  deep.  The  water  from  the 
wells  of  the  Artesian  Well  Company  is  piped  to  about  200  store 
buildings  and  houses  and  is  said  to  be  used  by  over  2,000  per- 
sons. The  following  testimonial,  dated  September  1,  1893,  is 
signed  by  fifteen  of  the  physicians  of  the  town:* 

**We  recommend  the  Ottumwa  artesian  water  as  absolutely 
pure,  and  coming  from  a  depth  of  2,547  feet,  free  from  all  or- 
ganic matter.  The  exclusive  use  of  it  would  do  away  with  ty- 
phoid fever  entirely,  so  far  as  danger  from  drinking  water  is 
concerned,  and  greatly  reduce  the  amount  of  sickness  from  other 
diseases.  It  is  not  only  of  great  value  as  drinking  water,  but 
has  a  remarkably  beneficial  effect  on  cases  of  chronic  rheumatism, 
constipation  and  many  forms  of  stomach  and  kidney  troubles. '* 

An  analysis  of  the  water  from  this  well  is  given  below.  No.  1. 
As  examples  of  the  character  of  local  waters  from  the  Mississ- 
ippian beds  analyses  of  two  waters  from  the  Mineral  Springs 
Sanitarium  at  Ottumwa  are  added.  No.  2  is  from  a  depth  of 
314  feet,  and  No.  3  from  a  depth  of  eighty-five  feetf 

*  Norton:    Artesian  Wells  of  Iowa:  low*  Geol.  Surv  ,  Vol.  VI,  p.  318.  Dea  Moinea,  1897. 
t  Iowa  Geol.  Surv.,  Vol.  VI,   p.  318,  Dea  Moinea,  1897. 
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GRAINS  FEB  GALLON. 

COMPOUND. 

SO.  1. 

NO.  2. 

NO.  8. 

(^alcium  carbonate 

18.20 

8.^7 

22.265 

80.802 

2.940 

7.844 

Maffnesium  carbonate 

5.294 

Iron  carbonate 

.184 

Sodium  carbonate 

10.212 

Calcium  sulohate 

38.280 

Maffnesium  sulphate 

6.10 
88.88 

Sodium  sulphate     

200.875 
2.281 

51.805 
7.299 

Trace 

Trace 

18.105 

Potassium  sulphate 

Trace 

Sodium  chloride 

11.48 

2.700 

Silicla 

1.448 

Alumina 

Trace 

Or2anic  matter 

Trace 

Loss 

.662 

Total  

68.000 

856.477 

41.444 

No.  1.  Analyst,  Professor  L.  W.  Andrews,  Iowa  City;  date, 
December  12,  1893;  authority,  circulars  of  company.  (There 
seems  to  be  some  omission  in  the  published  analysis,  as  the  total 
of  the  compounds  is  67.88,  instead  of  68.) 

No.  2.  Analyst,  D.  D.  Carter,  Omaha;  authority,  circulars  of 
company. 

No.  3.    Analyst,  S.  R.  Macy;  authoritj^  circulars  of  company. 

In  South  Ottumwa  and  elsewhere  in  the  valley  of  the  Des  Moines 
an  abundant  supply  of  excellent  water  is  reached  at  a  depth  of 
twenty-two  to  twentj'-six  feet.  It  occurs  in  a  layer  of  sand  which 
underlies  the  alluvial  clays. 


Soils. 


The  soils  of  Wapello  county  belong  to  two  types  and  both  of 
them  have  teen  formed  from  the  Pleistocene  deposits.  As  has 
already  been  sj:ated  the  entire  region  is  covered  with  Kansan 
drift  over  which  the  loess  forms  a  thin  mantle,  in  many  places 
not  over  five  feet  thick.  This  loess  differs  from  that  found  along 
the  Mississippi  and  Missouri  rivers  in  being  more  clay  like  and 
less  porous.  The  particles  composing  it  are  finer  than  those  con- 
stituting the  more  typical  variety.  The  soils  of  the  county  are 
for  the  most  part  a  modified  loess.  Its  upper  part  has  been  more 
or  less  leached  and  oxidized  and  mingled  T^th  decayed  vegeta- 


tion,  idiicii  carbona<^eoiis  material  gives  i:  the  dai^  <M>lor  and 
adds  flrreatlv  to  its  ferdlitv,  Eviiieuoe  of  the  richiiess  of  thi$ 
soil  is  furnished  by  the  prosj^rous  famis  with  their  larjee  axhl 
substantial  buildings  which  are  to  be  sjeen  on  every  haxni. 

In  the  brc»ad  vallev  of  the  Des  Moines  and  alon«r  n^anv  of  the 
larger  streams  the  soil  is  formed  of  alhivial  dejxxsits  and  is  a 
rich  black  loam.  This  has  been  derived  fn>m  the  n]>lands  and 
from  the  slopes  whence  it  has  been  washeil  by  the  rains  and  ivde- 
posited  by  the  streams.  This  alluvium  forms  a  soil  of  gneal  fer- 
tilitv  and  since  additions  are  made  to  it  fix^m  tiim^  to  time  dur- 
ing  periods  of  flood,  it  is  practically  inexhaustible. 

Road  Materials. 

The  question  of  good  roads  is  yearly  Ixxn^mi ug  a  more  imix>rt- 
ant  one  as  the  great  benefits  derived  from  them  are  more  clearly 
realized.  Before  many  years  have  gone  by  it  will  l>e  a  practical 
question  with  many  a  community  as  to  where  it  can  secure 
cheaply  good  road  materials.  Some  i>arts  of  WajvUo  cxninty  are 
well  supplied  with  such  materials.  Wherever  the  Siiint  l^inns 
limestone  oc^curs  it  will  furnish  abundmice  of  stone  for  macad- 
amizing the  roads.     The  sandstones  of  the  CoiU  Measiiivs  are 

for  the  most  part  too  soft  and  friable  to  Ih>  of  senitv  in  nvid 
making.    Deposits  of  gravel  are  not  cx>mmon  in  the  iH>unty,  but 

where  they  do  occur  they  supply  excellent  material  for  this  pur- 
pose. A  gravel  pit  near  Eddj'A'ille  has  furnisheii  WUast  for  the 
railroad,  and  the  Saint  Louis  limestone  has  Inxni  cnisheii  for  tlie 
same  purpose.  Another  material  which  has  Ikxmi  extensively 
used  by  the  railroad  for  ballast  is  burnt  clay.  The  stilT,  gmnlKK 
like  clay,  which  is  conmion  in  southern  lowju  is  thrown  into  piles 
and  burned  until  hard,  when  it  forms  an  inexj>ensive  and  ser- 
\^ceable  ballast 
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Acer  neffundOy  348. 

saccharinum,  348. 
Actinotrypa   peculiaris,    257. 
Adhesion  tests  of  stucco,  228. 
Administrative    reports,    9 
Aftonian  gravels,  130,  131. 
Afton  Junction,  19,  20,  21. 
Agency,  elevation  of,  447. 
Age  of  gypsum  and  salt  deposits,  114. 
Gypsum,,  Webster  county.  111. 
Albertan   drift,   424. 
Alethopetris   Jonchitica,   84. 
AUorisma   marionensis,    265,    267,    269, 
270,  271,  272,  284,  385,  451. 
iMluvium,  Cherokee    and    Buena    Vista 
counties,    324. 
Henry  county,  294. 
Jofferson  county,  428. 
Wapello  county,  475. 
Alpine  Coal  Company,  477. 

Zinc  Company,  54. 
Altamont  moraine,  324. 
Aluminum    sulphate,    189. 
American  Elm,  350. 

Hazel,  351. 
Analyses,  artesian  wate?r,  Ottumwa,  498. 
Clay,  35,  179. 
Coal,  172,  173,  481. 
Gypsum.    110.    117,    118,    120. 

122,   139,   140,   153. 
Mineral  spring  water,  187,  498. 
Portland  cement,  183. 
Analytical   work,   35. 
Andrew    Lames'   quarry,    489. 
Anhydrite,  117. 
A?iisotrypa  fistulata,  379,  380,  384,  390, 

498. 
Appanoose  mine,  488. 
Archacocidaris,  sp.,  279,  283,  390. 
Archimedes,  257. 

owenanus.   256,      261. 
Artesian  Well  Company,  496. 
Artificial    marble,    204. 
A  seer  dasycarpum,    348. 
Astartella,  sp.,  451. 
Atherton  mine,  170. 
Athyris,  261,   284. 

hirsuta,  257,  262. 
pjanosulcata,  257,  262. 


suhquadrata,  279,  284,  451. 
subtilita,  463. 
Aviculopecten   occidentalism   409. 

Bain,  H.  F.,  274,  280. 

Baker  mine,  485. 

Bassett  farm,  107. 

Basswood,  347. 

Batavia,  elevation  of,  366,  447. 

Bates,  D.  W.,  coal  mine,  406,  435. 

Bear  creek,  459. 

Bear  Creek  Coal  Company,  483. 

Beckwith,  elevation  of,  366. 

BeUcrophon  carbonariaf  413. 

BeUerophoji,  sp.,  451. 

Bennett  mine,   170. 

Benton  shales.   111. 

Beyer,  S»  W.,  12,  14,  138. 

Mineral     production     of    Iowa, 
1901,  37,  39. 
Bidwell,  elevation  of,  447. 
Big   Cedar  creek.   246,   248. 
Big  creek.  251. 
Bischof,  cited,   120. 
Bitter   Nutt,   351. 
Black  Diamond  mine,  484. 
Black  Hawk,  350. 
Black  Walnut,  351. 
Blakesburg,  elevation  of,  447. 
Blandon's  Plaster  Mill,  71,  100,  132.  167. 
Bone  Yard  Hollow,  95. 
Bonneville  lake,  121. 
Bowen  &  Wilcox  mine,  407,  435. 
Bowlder   clays,   Jefferson   county,    424. 
Bowlders   near   Sioux  Rapids,   340. 
In  Wapello  county,  472. 
Box  Elder,  348. 
Bradshaw  brickyard,    175. 
Brickyards. 

Beem  &  Wilson,  177. 
•     Bradshaw  &  Moellers,  175. 

Cooley,  J.  F.,  341. 

Corey  Pressed  Brick  Com- 
pany, 176. 

Downey  &  Mitchell,  433. 

Fort  Dodge,  174. 

Johnson    Bros.,    176. 

Kime,  93,  94,  175. 

Lehigh  Clay  Works,  176. 
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Melchor,  A.  W.,  494. 

Mitchell,  433. 

Moellers,  1:75. 

New  London  Brick  &  Tile 

Company,  301. 
Ostdeik,   494. 

Ottumwa  Paving  Brick  & 
Construction     Company, 
465,  484.   493. 
Townsend,  J.  W.,  341. 
Rainy  Bros.,  432. 
Schurr  Bros.,  175. 
Swift-Campbell,  495. 
Wilson.   177. 

Winfleld     Brick     &     Tile 
Company,  301. 
Brown  &  Godfrey  mine,  477. 
Brown  &  Company,  coal   mine,  394. 
Buchanan    gravels    in    Henry    county, 

■  '289. 
Building   ornaments    (stuck  gypsum), 

203. 
Building  stone,  Henry  county,  297. 

Jefferson    county,    431. 
Wapello  county,  489. 
Webster  county,  179. 
Burr  Oak.  352. 

creek.  368. 
Bushy  creek,  74. 

Calamites,  84. 
Calcined   plaster,   149. 
Calcining  gypsum,  147. 

WMth  individual  ovens,  216. 
In  kettles,  212. 
Of  Porcelain  gypsum.  217. 
Of  Stuck  gyp?um,  211. 
Calvin,  S.,  12.  14,  31,  302,  362.  437. 

Administrative  report  of,  11. 
Camarophoria    subtrigova,    257,    261. 
Carboniferous  system.    Henry    coun.tv, 

254. 
Jefforsop    county,    368. 
Wapello  county,  450. 
Webster  county,  77. 
Cardiff  mine,    160. 

Plaster  mill,  163. 
Carlson  mine,  170. 
Carter,  I).  D.,  analysis  of,   197. 
Carya   amura,   351. 
Castle,  C.  P.,  quarry,  490. 
Caves  Brothers'  coal  mine,  -^.2. 
Cawley  quarry,  401. 
Cedar.    352. 

Cedar  creek  basin,  365. 
Cedar  bridge,  elevatiou  of.  366. 
Celestine.   188. 
rhactrtes,   sp.,   283. 
Chamberlain.  T.  C.  191. 
Characteristics  of  gypsum,  139. 


Chariscaha  river,  121. 
Chemical  work,  35. 
Chester  shales,  418,  430. 
Cherokee    and    Buena   Vista   counties, 
geology  of,  305. 

Alluvial  deposits,  324. 

Brick,  341. 

Drainage,  313. 

Economic  products,  338. 

Forestry  notes,  344. 

Geological  formations,  317. 

Gravels,  342. 

Kansan  drift,  317. 

Loess,  320. 

Margin   of  Wisconsin  drift, 
325. 

Pleistocene,  317. 

Physiography,  306. 

Soils,  338. 

Stratigraphy,  316. 

Tile,  341. 

Topography,  306. 

water  supply,  342. 

Wisconsin  clays,  323. 

Wisconsin  drift,  margin  of, 
325. 

Wisconsin  gravels,  322. 

Cherokee   well,  32. 
Choke  Cherry,  349. 
Chillicothe,  elevation  of,  447. 
Chilton,  Charles,  quarry,  490. 
Chomatodus,   sp.,   262. 
Chonetes  viesolobus,  413. 
Cladodus,  sp.,  262. 

magnificus,  262. 
Clarinda  well  record,  29. 
Clays,  Henry  county,  300. 

Jefferson  county,  432. 

Webster  county,  174. 

Value  of,  Wapello  county,  495. 

Monograph  on,  12. 

Clay  output,  46. 

Ciciofhyris  roissyi,  380,  385,  386,  390. 

Climatic  conditions  of  gypsum,   115. 

CUnopista  x^diata,  398. 

Clokes.  Frank,  mine,  412,  435. 

Coal,  Henry  county,   297. 

Jefferson  county,  433. 

Wapello  county,  477. 

Webster  county,  167. 

Measures  of  Wapello  county,  459. 

Measure  sandstone,   98,  460. 

Output,  45. 

Wapello  county,  481. 

Proposed    monograph   on,    12. 
Coalville    basin,    91. 
Con)urn.   90. 
Collins  mine,  92.  171. 
Colford  mine.  95,  171. 
Competine  creek,  447. 
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Composition  of  gypsum,  138. 

Of  coke,  173. 
Cone-in-cone,  188. 

Consolidation  Coal  Co.,  mine,  482,  487. 
Cooley,  J.  F.,  brickyard,  341. 
Coon  Mound  Esker,  135. 
Copperas  beds,  86,  188. 
Coppock,  elevation  of,  246. 
Corey  Bros.,  168. 

Corey  Pressed  Brick  Company,  176. 
Corylus  americana,  351. 
Cottonwood,  352. 
Counties  surveyed  in  1901,  11. 
Crab  apple,  349. 
Craig  Coal  Company,  96,  97,  170. 
Crategus  coccinea,  349. 
Crawford  mine,  160. 
Crinoids,  390. 

Crooked  creek,  88,  89,  252. 
Ciooked  Creek  Mining  Company,  168. 
Crooked     Creek    Railroad     &     Mining 

Company,  88,  89. 
Cross-bedding,  in  Coal  Measures,  462. 
Cytherellina  glandellOj  385. 

Daly,   Patrick,   169. 
Dana,  cited,  13  6 
Daniels'  mine,  483. 
Davis  mine,  487. 
Deep  wells,  Marcus,  343. 

Ottumwa,  449.  450. 

State  Hospital   for   Insane, 

302. 
Sumner,  34. 
Deer   creek,   74. 

Deformations,  Henry  county,  295. 

Wapello  county,  475. 
Deischmidt.  F.  J.,  108. 
Deltodopsis  stJudovici,  371,  391. 
Deliodus  spatuJatus,  256,  262. 
occidentalis,  256,  262. 
Denova,  elevation  of,  246. 
Dentalium,  11. 
Derbya,  2bl. 

crassa,  413. 

keokuk.  257,  382,  388,  390. 
Des  Moines  stage, 

Henry    county,    284. 
Jefferson    county,  392. 
Wapello  county,  459. 
Webster  county,  83. 
Devil's  Lake,  366. 

melasma  formosa,   257,   262,   279,    283. 
380,  384,  390. 
turgida,  257.  261.  265,  267,  269 
270.  271,  272.  282.  283,  384, 
390. 
Distribution  of  Gypsum,  141. 
Gas,  24,  25. 
Oil,  24,  25. 
Downey  &  Mitchell  brickyard,  433. 


Drainage,  Buena  Vista  county,  313. 
Cherokee  county,  313. 
Jefferson    county,    365. 
Henry  county,  246. 
Wapello  county,  447. 
Webster  county,  72. 
Drift  of  southwestern  Iowa,  age  of,  19. 

Sheets   of    Iowa,    20. 
Dubuque  Ore  Concentrating  Co.,  55. 
Dudley,  elevation  of,  447. 
Dudley  &  Company's  mine,   477. 
Duncombe  Plaster  Mills,  108,  166. 
Dunge  gypsum,  209. 
East  Buttrick  creek,  75. 
Eastman,   C.  R.,   302. 
Economic     Products,     Cherokee     and 

Buena    Vista    coun- 
ties, 338. 
Henry  county,  297. 
Jefferson  county,  431. 
Wapello  county,  477. 
Webster  county,  138. 
Eldon,  elevation  of,  447. 
Eldon  mine,  480. 
Elephas    americanus,    428. 
Endotlxyra  baiJeyi,  385,  390. 
Ereviopteris  flexuosa,  84. 
Erosion  interval,  Jefferson  county,  419. 
ILscaipnient    of    Coal    Measures    sand- 
stone, 461. 
Estrick  gypsum,   206. 

Experiments  with,  221. 
Kilns,  219. 
Eumptria  marcyu  279.  284,  380,  390. 
Everett  mine,  170. 
Excelsior  Coal  Company,  483. 
Experiments  with  estrick  gypsum,  221. 

German   gypsum,   221. 
Extent  of  Webster  county  gypsum,  140. 

Fair  coal  mine,  484. 
Fairfield,   elevation   of,   366. 
Faulkner,  C.  F.,  coal  mine,  435. 
Faults,    Wapello   county,    476. 
FenestelJa,  sp.,  279,  283. 

serratula,  379,  380,  390. 
Ferrus  sulphate.  188. 
Field  Corps.  1901,  12. 
Fineness  tests   of   plaster  and   stucco, 

224. 
Flat  uplands  of  Jefferson  county,  360. 
Forestry   Notes.   Cherokee   and   Buena 

Vista  counties,  344. 
Fort   Dodge  Brick   &   Tile   Works,    85, 

128.  130,  136,  174. 
Clay  Works,  84,  136,  174. 
Pottery.  177. 
Fossils  in  the  Coal  Measures,  417. 
Founders  of  gypsum  plaster  industry, 

146. 
Franklin,   Benjamin,   151. 


Fraxintu  omericanus,  350. 
Fudge  creek,  <69. 
Fube  mine,  4 ST.     ' 
Fuller  mine,  170. 

Oftrdner,  Albert,  coal  mine,  407,  435. 
Oeode  shales,  258. 
Geological  Board.  3. 
Corps,  4. 

Formations,     Buena     Vtsta 
county,  317. 
Cherokee  county,  317. 
Henry  county,  253. 
Jefferson  county,  367. 
Wapello  county,   449. 
Webster  county,  76. 
Structure.  Jefferson  county, 
429. 
0«ology  of  Buena  Vista  county,  305. 
Cherokee  county,  305. 
Henry  county.  239. 
Jefferson  county,  357. 
Wapello  county,  439. 
Webster  county,  65, 
Glacial  and  interglaclal  stages,  IS,  19. 
Glacial  scorings,  Jefferson  county,  430. 
Oleason   Coal   Company,   169. 
01  end  ale,  elevation  of,  366. 
(ilenn  mine,  48G. 
Glyptoporo  elegans,  257. 
Gonterman'B.  James,  mine,  413,  436. 
Gonterman's.  W.  M.,  mine.  412.  435. 
Gordon.  C.   H..   262.   203.  26S,   275.  443. 
Grass  Bulletin,  13. 
Gravel  pit,  near  Eddyvllle,  498. 
Gravels  o(  Cherokee  and  Buena  Vista 
'  counties,  342. 

Great  Salt  Lake.  121.  124,  125, 
Green  and  I.ooney  coal  mine,  396. 
Grlmsley.>lt(d,  139.  14T. 
Gustafson    mine,   171. 
Gypsum.  14,  53. 

Age  of.  111. 

As  basis  for  paint.  158. 

All  basis  for  Portland  i-em 

154.     - 
As    a    fprtlllzor.    150. 
Calcining  of.  211. 
Characteristics  of.  138. 
Composition  of.  138. 
nistrlbutlon  In  U.  S..  141. 
Extent  of  deposit,  140. 
Hollow,    100. 

Imported  into  U.  S„   144. 
In  Canada,  143 
Kansas,   143. 
Michigan.  143. 
New   York,   143. 
Ohio.  J 43. 
South  Dakota,  143. 


Texas,  143. 
Virginia.  143. 
Industry   of   Germany,    195. 
Market  for,  In  U.  8.,  141. 
Origin  of,  116. 
Plaster,  nature  of,  146. 

Process      of      manufac- 
ture. 209 
Price  of,  144. 


Hall,  cited,  CS. 

Hall,  James,  241,  253,  268,  277.  298. 

Hallowell.  C.  287. 

Hamilton  mine,  169. 

Happy  Hollow  mine.  479. 

Hard  wall  plaster.  14S,  169. 

Harnahan.  W.  J.,  343. 

Hawthorne,   349. 

Hedrick,  elevation  of,  447. 

Helodm,  ep.,  262. 

Henry  county,  geology  of.  239. 

Alluvium,   294. 

Buchanan    graveU.    290. 

Building    stone,    298. 

Clay,    300. 

Coal,  298. 

Coal   Measures,   284. 

Deformations,   295. 

Drainage,  246. 

Economic    products.  297. 

Elevations,  246. 

Geode  shales.  268. 

Geological      formations, 
253. 

Illinolan  drift.  291. 

Kansaa  drift,  289. 

Keokuk    limestone.    254. 

Lime,  299. 

Loess,   292. 

Mlsslsslpplan  series  254. 

Fennsylvanian      series, 
284. 

Physiography.  241. 

Pleistocene,  289. 

Sand.  300. 

Saint    Louis    limestone. 
262. 

Soils.   297. 

Stratigraphy,  253. 

Topography,  241. 

Untomformities.  296. 

Water  power,  302. 

Water  supply,  301. 
Highland,  elevation  of,   447. 
History   of   gypsum    plaster   industry, 

145. 
Holaday  creek,  74. 
Houk  mine.  486. 
Huhbard.  cited.  126. 
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Illinoian  drift,  Henry  county,  291. 

Illinois  &  Iowa  Fuel  Co/s  mine,  481. 

Inoceramus  labiatus.  111. 

Iowa  Plaster  company.  141. 

Ire,  J.  E.,  quarry,  490 

Iron  ore,  55,  187. 

Iron  pyrites,  259. 

Ironwood,    351. 

Irwin  Bros,  mine,  170. 

Ivory,  204. 

Iowa  Crab  Apple,  349. 

Jacobs,  C.  E.,  344. 
Jasper  County  Coal  Company,  108. 
Jefferson   County   Coal   Company,   399, 
433. 

Jefferson  county,  geology  of,  357. 

Alluvial    deposits,  428. 
Bottom  lands,  363. 
Bowlder   clays,   424. 
Building  stone,  431. 
Carboniferous  system, 

368. 
Chester  shales,  418. 
Clay,    432. 
Coal,  399,  433. 
Des  Moines,  392. 

Thickness  of,  413. 
Drainage,  365. 
Economic      product:!, 

431. 
Elevation,    366. 
Geological  formations, 

367. 
Joints,  429. 
Loess,   427. 

Jx)wer  Verdi  beds,  387. 
Pella  beds,  390. 
Physiography,    359. 
Pleistocene,   422. 
Pleistocene         fossils, 

428. 
Saint  Louis,  368. 
Soils,  436. 

Springvale   beds,    386. 
Stratigraphy,  367. 
Uplands,  360. 
Upper  Verdi  beds,  388. 
Terraces,  362. 
Topography,  359. 
Unconformities,  429. 
Water   resources,   436. 
Well  records,  419. 

Johnson  Brothers*  brickyard,   176. 
Johnson,   Eric   170. 
Johnson,  Jim,  mine,  170. 
Johnson,  W.  D.,  mine,  171. 
Joints,    427. 


Juglans  migrOy  351. 
Juniper,  332. 

Juniperus  virginiana,  352. 
Jura-Trias  period,  75. 

Kansan  drift,  Buena  Vista  county.  317 

Cherokee    county,    317. 

Henry  county,  289. 

Jefferson  county,  424. 

Wapello  county,  472. 
Keene's  cement,  150,  157. 
Keokuk  limestone,  254,  258. 
Ketcham,  elevation  of,  246. 
Keweenawan  rocks,  426. 
Keyes,  C.  R.,  69,  108,  154,  262,  265.  354, 

396,  443. 
Kime  brickyard,  93,  175. 
Kohl's  brewery,  101,  109. 
Kruger,  218. 
Krum,  elevation  of,  366. 

Laddsdale  mine,  478. 

Sections,  469. 
I.afferty,  John,  quarry,  491. 
Lakes. 

Bonneville,  12L 
Elton,  121. 

Great  Salt  Lake,  122. 
Okoboji,  310. 
Spirit,  310. 
Storm,  305. 
Utah,  122. 
Lead  and  zinc,  12. 

Production  of,  55. 
Lehigh  Clay  Works,  176. 
Leperditia,  406. 

carhonaria,     379,     385,     388, 
390,   391. 
Lepidodendrons,  84. 
Leonard,  A.  G.,  12,  13,  14. 

Geology    of   Wapello   county, 
439. 
Leverett,  Frank,  19,  134,  241,  242,  246, 

249,  302,  359. 
Libertyville,  elevation  of,  366. 
Library,  addition  to,  32. 
Limeburg  coal  basin,  94. 
Lime,  Henry  county,  299. 

Webster  county,  184. 
Limestone,  in  Wapello  county,  492. 
Limits    of    Wisconsin    drift    lu  north- 
eastern  Iowa,  305. 
Lingula  mytiloides,  400,  412. 
Lithophaga  pertenuis,  385. 
Lithostrotion  canadense,  263,  268,  274, 
275.  277,  279,  280.  283,  379,  382,  388. 
Little  Sioux  river,  342. 
Lizard  creek,  74,  77,  79. 
Location    and    area,  Buena   Vista   and 
Creokee  counties,  305. 
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Henry  county,  240. 
Jefferson  county,  358. 
Wapello  county,  442. 
Webster  county,  67. 
Lockridge,  elevation  of,  366. 
Loess,  Buena  Vista  county,  320. 
Cherokee   county,    320. 
Henry    county,    292. 
Jefferson  county,  427. 
Wapello  county,  475. 
Loess-kin dchen,  428. 
Lower  Archimedes  limestone,  255. 
Lower  Mill,  Iowa  Plaster  Co.,  168. 
Lower  Plaster  Mill  Quarry,  100. 
Lower  Verdi  beds,  385. 
Lumsdon  Brothers*  mine,  484. 
Lundteigen,    A.,    cited,    184. 
Loxonema,  sp.,  463. 

Macbride,  T.  H..  12,  14 

Geology     of    Cherokee    and 
Buena  Vista  counties,  305. 

Macy,  S.  R.,  analysis  of,  497. 

Madison   mine,   170. 

Magers,  C.  E.,  301 

Major  &  Son  mine,   488. 

Manneheim   process,   213. 

Manufacture  of  gypsum  plaster,  209. 

Manufacture  of    plaster,    possible    im- 
provement.  165. 

Mapping  of  glacial  deposits.  22. 

Margin  of  Wisconsin  drift,  325. 

Markets  for  gypsum  in  United  States, 
14L 

Marignac.  cited,  139,  147. 
Marston,  A.,    Experiments    on    German 
gypsum,  22L 

Preliminary    tests    of    stucco 
and  gypsum,  224. 
Martins  &  Timmins'  mine,  95. 
Martin,   J.    L.   mine,    169. 
Martin  Coal  Company,  169. 
Mayalina  krokuk,  257,  262. 
McGee,   W.  J.,  cited,   68.  339. 
McEwen  mine,  170. 
McGregor  coal  shaft,  394. 
Mediterranean  sea,  123,  124.  127. 
Melchor,  A.  W.,  brickyard.  494. 
Methods  of  hardening  gypsum,  156, 157. 
Meservey,    S.,    146. 
Mill    creek,    342. 
Miller  quarry.    79. 
Mill's    mine,    170. 
Mineral  Paint,  186. 

Productions  oi'  Iowa.  1901,  37. 
89. 

City   niino,    160. 

City     Piaster    Company    Mill, 
164. 

Springs  sanitarium,  496. 


Springs,  186. 
Statistics  for  1901,  14. 

Minerals  of  Webster  county,  187. 
Mines. 

Alpine,   477,   478. 
Appanoose,  488. 
Atherton,    170. 
Baker,  485. 
Bates,  D.  W.,  435. 
Bear  Creek  Coal  Company,  483. 
Bennett,  170. 
Black  Diamond,  484. 
Brown  &  Godfrey,  477. 
Brown,  W.,  394,  477. 
Bowen  &  Wilcox,  407,  435. 
Cardiff,  160. 
Carlson,  170. 
Caves  Brothers,  412,  435. 
Clokes,  Frank,  412,  435. 
Colferd,  171. 
Colford,  95. 
Collins  Brothers,  171. 
Consolidation   Coal   Company,  482, 
487. 

Craig  Coal  Company,  170. 
Crawford,  160. 
Daly.    Patrick,    169. 
Daniels,  John,  483. 
Davis,  487. 

Dudley,  C,  &  Company,  477. 
Eldon    mine.    480,    481.    487. 
Everett,    170. 

Excelsior  Coal  Company,  483. 
Fair  Coal  Mine.  484. 
Faulkner,  C.  F.,  435. 
Fuller.  170. 
Fuhs.    187. 

Gardner,   Albert,    407,   435. 
Glea.son,  169. 
Glenn,  486. 
(Jodfrey,  477. 

(Jontcrinans,  W.  M.,  412,  43."). 
Gontermans,  James,  412,  435. 
Cireon  &  Looney,  395,  435. 
Gustafson,  171. 
Hamilton.  169. 
Happy   Hollow,   480. 
Houk,    486. 

Illinois  &  Iowa  Fuel  Company,  481, 
485. 

Irwin   Brothers,  170. 
Jefferson  County  Coal.  399. 
JohnFon,  Eric,  170. 
Johnson.  W.  D.,  171. 
I.addsdale,  478. 
Lumsdon  Brothers,  484. 
I.ooney,   396,   435. 
Madison,    170. 
Major  &  Son,  488. 
Martin   &  Timmins,  171. 
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Martins,  95,  169. 

McEwen,  170. 

McGregor  Coal  Mines,  394. 

Mcintosh,  488. 

Mills,  170. 

Mineral  City,  160. 

Moore,  170. 

Newall.    488. 

Parel,  95. 

Parker,  484. 

Pastlewait,  477. 

Paul,  John,  171. 

Pleasant  Valley  Coal  Company,  109. 

Piert  &  Colferd,  171. 

Risher  Coal  Company,  485. 

Scalley,  95. 

Sheckelton  heirs,  435. 

Shock,  Henry,  477. 

Simpson,  171. 

Smith  Coal  Company,  W.  C,  435. 

Smith,    W.    C,    394. 

South  Ottumwa  Coal  Company,  483. 

Spring   Valley,    484. 

Star  Coal  Company,  483. 

Timmens,   95,   171. 

Waddell,  487. 

Wapello  Coal  &  Mining  Company, 
478,  486. 

Washington  Coal  Company,  396. 

Webster,  170. 

Whitebreast,  480. 

Wilcox,    407,    435. 

Woodbury,   170. 

Utterback,  485. 

Vanderpool,  483. 

Zimmerman,  A.  J.,  409,  435. 

Wapello  county,  485. 
Mississippian   series,   77. 
Mitchelville  well,  32. 
Moeller's  brickyard,  175. 
Moore  mine,  170. 

Morainic  belt  in  Webster  county,  135. 
Morrell   &  Company  well,   496. 
Mosnat,   R.,   12. 
Mounds  in  Henry  county,  245. 
Mount  Pleasant,  elevation  of,  246. 

Native  groves  in  Northwest  Iowa,  345. 

Nature  of  gypsum  beds,  109. 

Nature  of  Webster  county  gypsum,  140, 

146. 
Nautilus.,  sp.,  398. 
yeuropteris,  84. 
Newall  mine.  488. 
Newman,  Nellie  E.,  13. 
New  London  Brick  &  Tile  Works,  301. 
New  London,  elevation  of,  246. 
Nicollet,    305. 
North  Avery  creek,  445. 
Norton,    W.    H..    12,    14,    368,    449,    496. 
Report  of.  32. 


Nucula  ventricosa,  463. 

Number  of  counties  surveyed,  11. 

Oakland  Mills,  elevation  of,   246. 

Okoboji  Lake,  310. 

Old  soils  and  gravels,  134. 

Orbiculoidea  missouriensiSj  417,  498. 

Origin  of  gypsum,  116. 

Orodus   ornatissinius,  202. 

Orthonema  conica,  463. 

Orthothetes,  451. 

Orthoceras  rushensis,  398. 

Orbiculoidea  nitida,  100. 

Ostdeik  Brick  Company,  494. 

Ostracod,  406. 

Ostrya  virginiana,  351. 

Ottumwa,  elevation  of,  447. 

Ottumwa  Paving  Brick  &  Construction 

Company,  465,  484,  492. 
Output  of  clay,  45. 

Coal,   46. 

Stone,  45. 
Owen,  cited,  67,  188,  240,  306,  442. 

Packwood,  elevation  of,  366. 

Page     county,     development     of     coal 

mining  in,  31,  32. 
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